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Approximately two cattle are maintained in the herd for 
each sale calf produced. Intuitively, efficiency of the 
producing cow herd is more important than efficiency of the 
sale calves, even if the producer keeps them until they are 
slaughtered as finished yearlings. —Cartwright, 1970 
Feed costs account for by far the greatest expense in 
beef production. Efficiency of feed utilization has rightly 
received considerable attention in beef production. Numerous 
reports have shown a high correlation between rate of gain 
and efficiency of gain. However, the majority of nutrients 
consumed by beef cattle are utilized for body maintenance in 
the breeding herd (Dickerson, 1978). 
The requirements for maintenance are approximately pro-
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portional to (body weight) in mature individuals of similar 
type (Brody, 1945). However, when body fat varies, energy for 
metabolic maintenance is more closely related to nonfat mass 
than to total body weight (Webster, 1981). 
The effect of body size on beef production efficiency 
is not a new subject. Klosterman (1972) pointed out that the 
question of size has been debated for at least 150 years, and 
if there were a most efficient size, that size should have 
been discovered by now through trial and error if by no other 
means. 
Cartwright (1979) suggests that the wide range in cattle 
size today indicates that either there are no clear cut 
differences in efficiency related to size, that there is a 
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biological or economic niche for each size, and/or that pro­
duction conditions are so dynamic or cyclic that size is 
kept in continual disequilibrium. All of these points have 
at least some evidence in their favor. 
Beef production encompasses a wide range of production 
practices, available resources, environments, and producer 
skills. Matching of size with these factors most certainly 
would impact production efficiency. 
Size is a complex trait of a composite nature. It is 
difficult to evaluate size as a component of production 
efficiency, since it is correlated with nearly all commonly 
evaluated traits in beef production. Unfortunately, many of 
these traits such as rate of gain, weight at specified age, 
and weight at equivalent composition, are positively corre­
lated with mature size (Brinks et al., 1964, Wood et al., 
1  9 8 0 )  .  
Klosterman (1972) concluded that differences in mature 
size of cows, in relation to feed efficiency, were not of 
great importance to the beef cattle industry. His reasoning 
was that highly productive management systems can be designed 
without suffering the detrimental effects of large mature size. 
While this is most probably true, more intensive systems 
may not maximize production efficiency (Cartwright, 1970). 
The improvement of production efficiency may involve 
the adjustment of management and environment to cow size, as 
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advocated by Klosterman, or it may involve adjustment of 
size of breeding female to fit a particular environment and 
management system or both. Long et al. (1975) concludes 
that, while cow size and level of management are inter­
related, an intermediate optimum for both cow size and level 
of management maximizes both biological and economic 
efficiency. The reasons for concern of size and maintenance 
cost are as follows: 
1. Introduction of continental breeds of cattle into 
North America offers a much greater range of growth rates 
and mature size (Smith et al., 1976a). 
2. Breeding programs of individual breeders have 
recently placed considerable selection emphasis on increased 
size. 
3. Greater participation in commercial crossbreeding 
programs. Crossbreeding influences growth rate and may also 
affect mature size. 
4. Implementation of new statistical procedures in 
National Sire Evaluation (Henderson, 1973). While these 
procedures do not alter size or dictate selection decisions, 
unenlightened use of them could result in dramatic increases 
in size, as a correlated response. 
5. Estimates of mature size may not be comparable to 
maintenance mass in cows differing widely in composition. 
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Statement of Purpose 
The purpose of beef production research is ultimately 
to increase production efficiency. The subject is not simple. 
Biological and economic efficiency have been discussed by 
Cartwright (1970), Dickerson (1970, 1978), Fitzhugh (1978), 
Harris (1970), Spedding (1971, 1973), Webster (1981), and 
other authors. Each author has approached efficiency in a 
unique alternative manner. While these authors do not agree 
as to the specifics of either biological or economic effi­
ciency, they all seem in agreement that production efficiency 
should describe what Gregory (1972) has called lifecycle 
efficiency. This definition of efficiency is the ratio of 
input to output weighted by the relative frequency that each 
subgroup contributes to lifecycle production. 
Designed research of efficiency is difficult, expensive, 
and requires a complex interdisciplinary approach. It is 
virtually impossible to simultaneously examine complete pro­
duction systems through experimental techniques. It is, there­
fore, necessary to examine segments of production efficiency. 
Cow size and growth pattern remain a controversial segment of 
total lifecycle efficiency. 
The purpose of this study is to investigate size and com­
position in a population of cows involved in beef production. 
However, the primary objective is to provide an insight as 
to the effect of size on the net efficiency of total beef 
production. The purposes are: 
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1. Investigate the maturity pattern of a population of 
cows through utilization of lifetime body weights. 
2. Investigate growth and maturity pattern of a 
related population of steers through growth and compositional 
information. 
3. Hypothesize as to the biologically active maintenance 
mass of cows in this population. 
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REVIEW OF LITERATURE 
Numerous studies have dealt with the subject of beef 
production efficiency. Production efficiency has been 
approached theoretically, through simulation, or through 
detailed examination of specific segments of the total 
lifecycle. Actual experimental evaluation of total effi­
ciency is difficult. It is complicated by the need for 
simultaneous comparisons of many alternatives, and excessive 
cost in both time and money (Long et al., 1975). Actual 
experimental evaluations of efficiency are thus limited in 
both size and scope (Ferrell and Jenkins, 1982). 
Feed Efficiency 
Feed represents, by far, the major expense in beef 
cattle production. As a component of total efficiency, feed 
utilization should receive major emphasis in beef production 
research. Studies evaluating rate of gain have generally 
indicated a high correlation between post-weaning rate of 
gain and efficiency of gain (Klosterman, 1972). Post-
weaning gain and efficiency of gain are both components of 
total lifecycle efficiency. However, rate of gain is 
positively correlated with mature size (Brinks et al., 1964). 
Thus, animals with increased rates of gain tend to have 
greater mature size and increased mature size results in 
increased nutrient expense in the cow herd. Thus, increased 
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efficiency in the post-weaning segment may not result in 
increased efficiency of total production due to an increase in 
size. Fifty years ago, Winters and McMahon (1933) suggested 
that absolute rate of gain, as an index of efficiency, is 
applicable only to animals of the same size. Knapp and Baker 
(1944) reached the same conclusion. 
The nutrient requirements of cows are the greatest expense 
related to the cow-calf segment of beef production (Cartwright, 
1979). The major sources of variability in these nutrient 
requirements are associated with metabolic maintenance and 
level of milk production. Maintenance expense is directly 
related to body size (Dickerson, 1970). An appropriate meas­
ure of cow size is, thus, paramount in estimating beef pro­
duction efficiency. 
Cow Size 
Description of cow size is difficult since several meas­
ures of size are possible at many ages or points of develop­
ment. Multiple measures of size are possible, either through 
several descriptions at one age or the same measure at several 
ages. These multiple measures yield multivariate data, which 
require sophisticated analyses. 
Cock (1966), following Tanner (1951), categorized both 
univariate and multivariate size-age data into three basic 
types--static, cross-sectional and longitudinal. Measures of 
size may also result from combinations of these basic types. 
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Measurements taken at or adjusted to a specified age or 
stage of development are static measurements. Such data have 
been widely used in livestock production. They are relatively 
simple to collect and easy to interpret, however, such data 
provide little information on patterns of growth and/or 
development. 
Cross-sectional data are similar to static data in that 
each individual is measured only once; however, the same 
measurements are made at other ages on other individuals from 
the same population. This yields information as to the mean 
growth pattern for the sampled population. The quality of 
such data depends on the homogeneity of the sampled population. 
A complete set of measurements on an individual made 
over a continuum (usually time or age) results in longitudinal 
data. While longitudinal data are potentially the most in­
formative of the data types, they do result in large unwieldly 
sets of data. 
The best method of describing cow size depends both on 
the use to be made of the measure and the available data from 
which cow size can be calculated. Many criteria have been 
used in the description of cow size. Simpson et al. (1972), 
and Vanmiddlesworth et al. (1977), examined cow-calf effi­
ciency through a ratio of calf weight to cow weight. Cow 
weight in this regard was the actual cow weight at weaning. 
Nelson and Cartwright (1967), in a similar comparison, used cow 
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weight immediately post-partum. Both of these studies re­
quired that comparisons be made within age of dam categories. 
Marlowe (1962) utilized cow weights taken at weaning which 
had been linearly adjusted for age differences and differ­
ences in condition score. Brinks et al. (1962) used average 
weight at weaning from 3-10 years of age in describing the 
genetic influence of mature weight. Melton et al. (1967) 
used a product of cow length, width, and height as a measure 
of size. 
Nonlinear Models 
Weights and measures recorded during the lifespan of a 
cow are a type of longitudinal data. One method of condensing 
these sequential data points into relatively few biologically 
interpretable parameters is the use of nonlinear models 
{Brown et al., 1976). 
Nonlinear growth models, usually referred to as growth 
curves, reflect the lifetime interrelationships between an 
individual's inherent impulse to grow and mature in all body 
parts and the environment in which these impulses are ex­
pressed. Development and theory of growth curves in animal 
production traces to Brody (1945). High speed computing and 
sophisticated algorithms have.extended this theory to appli­
cation of large data sets (Fitzhugh, 1976). 
The shape of the growth (i.e., weight-age) curve varies 
for different breeds, sexes, and environments; however, the 
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overall shape is sigmoidal. Regardless of the specific 
growth function or methodology employed, each utilizes a 
parameter describing size and another describing growth rate 
relative to the description of size. Additionally, some 
models utilize parameters associated with inflection points. 
The weight-age curve has two segments. The initial 
segment of the curve was designated by Brody (1945) as "the 
self-accelerating phase of growth", it is characterized as 
a phase with ever increasing slope. The second phase is 
initiated at the inflection point, after which growth rate 
velocity is decreasing, and was designated by Brody as the 
"self-inhibiting phase of growth". Brody (1945) equated the 
inflection point in the curve with puberty, but Laird et al. 
(1965) disagreed, stating the inflection point has "no special 
biological meaning". 
Brown (1970) compared five nonlinear models for goodness 
of fit, biological interpretability, and computational ease 
in cow age-weight data. He found that while each of the five 
models offered advantages, the model proposed by Brody (1945) 
was the model of choice. This three parameter model was 
computationally easier to fit, fits age-weight data past six 
months nearly as well as any other model tested, and has 
biologically interpretable parameters. 
McLaren et al. (1982) evaluated the impact of numbers 
and frequency of weighings on weight-age curve parameters. 
They found that quarterly estimates from birth to one year of 
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age and yearly weights from one to five years of age, were 
adequate for estimating practical weight-age parameters. 
They also noted a serious bias as a result of a cow being 
open in any year, especially the terminal year. 
Use of Growth Curves 
in Production Efficiency 
Nonlinear models have been utilized in the evaluation 
of efficiency. Growth curve parameters offer descriptions 
of both growth rate and size of each individual evaluated. 
Joandet and Cartwright (1969) used a nonlinear model to 
fit a weight-age equation to data on twelve breed groups of 
cows. They concluded that there was a point in life of a 
slaughter animal at which cumulative TON, required to produce 
a unit of live weight, was minimal. They interpreted this as 
the point of maximum biological efficiency. They found that 
in addition to differences in growth patterns, breed groups 
also differed in milk production, longevity and fertility. 
Carpenter et al. (1971) considered relationships among 
growth curve parameters and measures of productivity in 
Hereford-Brahman crossbred cows. They concluded that mature 
weight of a cow was positively correlated with average 
weaning weight of calves produced. Early maturing cows 
(i.e., cows with lighter mature weights) weaned more calves 
in their lifetime and tended to have shorter calving intervals. 
This would indicate a trade-off between growth and reproduction. 
Brown et al. (1976) compared the growth curves of 
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Hereford, Hereford cross, Angus cross, and Brahman cross 
cows and evaluated the relationship among growth curve 
parameters. He found that breed groups differed in magnitude 
of curve parameters, but all breed groups exhibited the same 
basic shape. Rate of maturity was negatively correlated 
with mature weight. Brahman crossbreds had higher growth 
rates without large associated increases in mature weight. 
This would indicate that the Brahman crossbreds were earlier 
maturing than Hereford. The Angus crossbred cows were the 
earliest maturing of all breed groups. 
Brown et al. (1972) examined growth curves of Hereford 
and Angus cows and bulls. Year of. birth, season of calving, 
and sire all significantly affected the pattern of growth. 
The growth pattern of Angus cows was more variable than in 
Hereford cows. The genetic correlation of rate of maturity 
and mature weight was -0.95^.15. This genetic antagonism 
indicates the difficulty in selection for rapid rate of 
maturity and large size. 
Torre and Rankin (1978) examined factors affecting 
growth curves of Hereford and Brangus cows. They found 
Hereford cows to be later maturing and have larger mature 
size than Brangus cows. Year of birth and location signifi­
cantly {P<.01) affected mature weight in Hereford cows, 
but not in Brangus cows. Location and breed both affected 
rate of maturity. 
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Nelson et al. (1982) analyzed growth curves of Angus, 
Brahman, Hereford, Holstein, Jersey, and the ten possible 
two-way crosses. Holstein had the heaviest mature weights 
followed by Brahman, Hereford and Angus, with Jersey the 
lightest at maturity. Rate of maturity was highest in Angus 
followed by Hereford, Holstein, Jersey, and Brahman. Average 
heterosis for mature weight was 6.2 + 1.4%. There was no 
significant trend in heterosis for rate of maturing. 
Fitzhugh (1978) noted that the shape of the weight-age 
curve may respond to selection. However, the antagonistic 
genetic correlation between mature size and rate of maturity 
would make a favorable alteration difficult. A more rapid 
method of altering growth and maturation patterns may be 
through crossbreeding. Cartwright (1970) outlined a plan, 
whereby specialized dam and sire lines or breeds would be 
developed and crossed for the production of slaughter animals. 
Cow breeds would be relatively small, early maturing, fertile 
with the desired amount of milk. Sires would be selected 
for fast efficient gain. Such a system would maintain small 
cows, produce efficient feeder cattle, and could utilize the 
advantages of heterosis (Cundiff, 1970). 
Developing specialized sire and dam lines or breeds would 
require considerable integration within the beef industry. 
This may also require sophisticated management and/or breeding 
schemes in order to be functional. Due to herd size and level 
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of management, complex crossbreeding systems are not viable 
alternatives in many beef herds. These herds may require 
a simplified rotational system rather than specialized sire 
and dam breeds or lines (Cartwright et al., 1975). 
In order to design optimal crossbreeding programs, it 
is necessary to characterize the breeds being considered. 
It is desirable to know the growth and maturing rate param­
eters for different breeds, the expected heterosis and the 
magnitude of factors affecting these parameters. 
Growth Pattern and Composition 
Growth, according to Fowler (1968), has two aspects. 
The first is an increase in weight over time. The second 
involves changes in form and composition. This change in 
form and composition is the result of differential growth of 
component tissues. 
Interest in composition has, to date, been primarily 
concerned with product quality and yield (Berg and Butterfield, 
1976). However, Webster (1981) indicates that metabolic 
maintenance requirements are more closely proportional to 
non-fat body mass than to total body weight. Maintenance 
requirements are thus, at least in part, a function of body 
composition. At any given weight or age, genetically larger 
animals tend to be less fat (Wood et al., 1980). 
The terms "early maturing" and "late maturing", used in 
respect to slaughter animals, are used to indicate the 
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fatness of animals. Animals fatten as they mature. A 
late maturing animal is usually leaner at any age or weight. 
This is probably the result of it being further from its 
mature size than would be an early maturing animal. 
Maximum structural size and maximum size of certain 
body tissues, are most probably fixed genetically at con­
ception. The rate at which tissues reach these limits are 
determined by environment, genetics, and complex inter­
actions. Even within tissue type, there appears an order of 
development based on tissue function, tissue location, and 
degree of development of supportive and competitive tissues 
(Butterfield, 1966). 
An animal is compositionally mature when all component 
tissues of the animal are mature. Early maturing tissues 
are those which complete a specified proportion of their 
maturing process earlier than the body, as a whole, completes 
that same proportion of maturation. Fat is a late maturing 
tissue. Deposition of fat is most rapid after the deposition 
of protein and bone have begun to diminish. Thus, the concept 
of compositional maturity is most closely associated with 
fat content (Berg and Butterfleld, 1976). 
Tissue maturity pattern is not entirely an inherent 
characteristic of an individual. As stated previously, an 
animal is considered compositionally mature when all its 
tissues are mature. However, tissues do not follow the same 
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pattern of deposition, or respond the same to changes in en­
vironment or management. The growth of fat, relative to that 
of bone and nuscle, can be influenced by plane of nutrition 
(Berg and Butterfield, 1976). Guenther et al. (1965) and 
Waldman et al. (1971), independently concluded that higher 
nutrition plane results in more rapid fattening relative to 
nonfat tissue growth. While plane of nutrition affects rate 
of tissue growth, and ratio of fat to other tissues, it does 
not affect the muscle to bone ratio (Elsley et al., 1964). Fat 
would appear to increase considerably after other tissues have 
ceased to grow and are mature. Factors controlling the matu­
ration of fat after bone and muscle are mature, are not under­
stood and have not been quantified. 
Reid et al. (1968) reported a range of 1.8 - 44.6% of 
empty body weight being fat. The variation in amount of fat 
points to the difficulty in describing weight at which an 
animal is mature. Fat is the most variable component of cattle, 
not only in amount, but also in distribution among depots. 
This additionally confounds the problem, since fat often must 
be estimated on live animals and the visual evaluation of fat 
content differs significantly between breeds or types (Abraham 
et al., 1968). 
In order to take a proportionate measure of mature weight, 
it is necessary to know the mature weight. Barber et al. (1981) 
slaughtered steer progeny of Angus and Charolais cows at equal 
proportions of mature cow weight. They used average weight of 
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Angus and Charolais cows in the herd as the respective descrip­
tion of mature cow weight. Their results indicated no differ­
ence between breeds at the same proportion of mature weight for 
, most traits. However, Angus had significantly lower cutability 
than Charolais at each slaughter point. • This indicates that 
Angus steers were fatter than Charolais. However, the fat 
tissue maturity of the Angus cows may not have been greater 
than that of the Charolais cows. This would underestimate 
mature weight of the Charolais cows relative to the Angus cows. 
Studies of this type utilize cow weight as an indicator of cow 
maintenance expense. However, cow weight is directly related 
to maintenance cost only if the groups of cows are of the same 
compositional maturity (Webster, 1981). 
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MATERIALS AND METHODOLOGY 
The data used in this study were from calves born from 
1968-1970 at the beef breeding research farm, located at 
Ankeny, Iowa, and the McNay Memorial Farm at Charlton, Iowa. 
The data were a result of a beef-dairy crossbreeding experi­
ment conducted in Iowa, as a contributing project to the 
North Central Regional beef cattle breeding project (NC-1). 
The project was initiated in 1967 with purchase of 200 
commercial heifers of each of four breeds; Angus (A), Here­
ford (H), Holstein(F), and Brown Swiss (B). These females 
were equally and randomly assigned to the two farms. Over 
20 bulls of each of the same four breeds were used to pro­
duce all possible matings in a four breed diallele design. 
Heifers produced were retained to evaluate maternal perform­
ance. Male calves were castrated, fed out, and slaughtered 
for carcass data. 
Cattle involved in this study were fall born and weaned 
at approximately 180 days of age. Creep feed was available 
from approximately 60 days of age. All calves were weighed 
at birth, on two successive days at weaning, and at approxi­
mately 60, 90, and 120 days of age. Wither heights were 
taken at birth and twice at weaning. Holstein and Brown 
Swiss cows were allowed higher plane of nutrition during 
lactation than were Angus and Hereford cows. 
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Cow Data 
The first phase of this study involved data on female 
individuals from birth through a maximum of nine years of 
age. 
The data were approximately 18,000 weights and heights 
taken on 666 cows. The initial data were edited as follows: 
(1) All weights and heights after 2190 days (6 years) of 
age were eliminated, (2) individuals not having at least two 
weights after 1643 days (4^ years) of age were eliminated, 
(3) individuals with intervals of greater than 182 days between 
any two successive weights prior to 1643 days were eliminated. 
Following weaning, heifers were maintained on pasture 
with supplemental corn silage and grain. Weights were taken 
at approximately 240, 300, and twice at 365 days of age. 
Wither heights were taken twice at one year of age. Breeding 
commenced at approximately 14 months of age and continued for 
90 days. During breeding, corn silage and grain was fed at 
Ankeny. The Chariton farm fed haylage and corn. 
Cow weights were taken five times yearly, at three 
month intervals and immediately post-calving. Wither heights 
were taken with pregnancy exams, approximately five months 
pre-calving, or at weaning of last calf. 
After 1970, cows not pregnant were kept and rebred to 
calve the following calving season, whether spring or fall. 
In 1971, the Ankeny farm calved both spring and fall calving 
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cows. In subsequent years, all spring calving cows were trans­
ferred to Chariton and fall calving cows to Ankeny Calves of 
Ankeny cows were subsequently weaned at approximately 90 days 
of age. Cows calved in dry lot at Ankeny and on pasture at 
Chariton. Ankeny cows were maintained on a much higher nutri­
tional plane than cows at Chariton. A more detailed descrip­
tion of rations and management is given in BreDahl (1970). 
The 1970 born heifers included both progeny of foundation cows 
and of 1968 born cows. Progeny of the 1968 born heifers were 
eliminated in order to keep age of dam totally confounded with 
year. Animals with more than one farm switch were eliminated. 
The data, as edited, gave a factorial arrangement with farm, 
year, and whether retained at the farm of birth or transferred. 
Numbers for each of the twelve subclasses are given in Table 1. 
Table 1. Number of cows by year x location category after 
initial editing 
Location and Year of Birth 
1968 1969 1970 
Ankeny Chariton Ankeny Charlton Ankeny Chariton 
stayed 60 22 35 25 18 14 
switched 30 20 15 7 5 2 
The following subclasses were eliminated due to low sub­
class size: (1) 1969 heifers born at Chariton that were moved 
to Ankeny; (2) 1970 Chariton born heifers that were moved to 
Ankeny; (3) 1970 Ankeny born heifers that were moved to Chari­
ton. The final data set contained 239 animals. Numbers of 
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each breed combination are given in Table 2. 
Table 2. Number of cows by breed of sire and breed of dam 
Breed of Sire 
Angus Hereford Holstein Brown Swiss 
Total 
Angus 13 15 16 16 56 
Breed Hereford 10 14 20 17 58 
of 
Dam Holstein 14 14 19 12 71 
Brown Swiss 19 15 16 9 54 
Total 60 61 59 59 239 
Growth curve model 
The function: yit=Ai(1-Bie-ki) + fit, where; 
^it = observed body weight of the i^^ animal at age t, 
( t = 1 , 
A i = estimate of asymptotic weight for the i^^ animal 
g 
i = estimate related to the early weight changes in 
the i^^ animal 
e = base of the natural log system 
^i = estimate of earliness of maturing of the i^^ 
animal 
t = time in months 
^it = deviation of the t^^ predicted weight from observed 
weight for the i*'^ animal 
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was used to describe the age-weight growth curve of each 
individual cow (Brody, 1945). Brown (1970) compared several 
functions to describe age-weight curves in cows. He found 
this model to be adequate for comparisons of individual dif­
ferences in rate of maturing (k^) and mature weight (A^). 
Estimates of A^, B^^, and were obtained through non­
linear regression methods employing a modified Gauss-Newton 
iterative procedure. Initial estimates for each parameter 
were submitted and then systematically altered until the re­
sidual mean square remained unchanged in successive iterations 
(Hartley, 1961). Rate of maturing (k%) refers to growth rate 
relative to the asymptotic mature weight (Aw) and can be con­
sidered the average postnatal rate of maturing. Large k^ 
values indicate individuals that mature rapidly, and small k^ 
values indicate individuals that mature slowly. 
The B^ parameter is associated with variation due to 
birth weight. The B^ and k^ parameters are, therefore related 
and interpretation of one parameter must be made with consider­
ation of the other. The k^ parameter was the growth parameter 
of primary consideration and thus, an analysis of k^ was also 
made utilizing B^ as a covariate. 
The data did not include a sufficient number of heights 
to attain a satisfactory fit of a nonlinear regression model. 
Average mature height was the only height parameter calcu­
lated. The average height referred to here as mature height, 
is the simple average of all of an individual's heights between 
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1278 days (31 years), and 2192 days (6 years) of age. All 
individuals had a minimum of two and a maximum of four heights 
over this range in age. 
Degree of maturity (D) for either weight (W) or height 
(H) for a specified age and individual, is the proportion of 
mature value attained at that age. Thus; 




For example, degree of mature weight at 180 days of age 
is given by D180W and calculated as: 
180W D180W=-
\t 
Model ^  
The statistical model used to analyze growth curve param­
eters and degree of maturity was: 
^ijkl = f\ + BSj + BDj^ + (BSxBD)j^ + ^ ijkl 
where : 
^ijkl = parameter estimate of the ^  cow at the i^^ farm 
category of the jbreed of sire and k^^ breed of dam 
p = the overall least squares mean 
^i " effect of the i^^ farm category 
f 1 = 1968 Ankeny heifers retained at Ankeny 
f 2 = 1968 Ankeny heifers transferred to Chariton 
f 3 = 1968 Chariton heifers retained at Chariton 
f 
A = 1968 Chariton heifers transferred to Ankeny 
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f 5 = 1969 Ankeny heifers retained at Ankeny 
f 6 = 1969 Ankeny heifers transferred to Chariton 
f 
7 = 1969 Chariton heifers retained at Chariton 
f 9 = 1970 Ankeny heifers retained at Ankeny 
f10= 1970 Chariton heifers retained at Chariton 
BSj = effect of breed of sire ( 4 sire breeds) 
BD^ = effect of k^^ breed of dam (4 dam breeds) 
(BSxBD) .. = effect of the interaction between the 
J K 
breed of sire and k^^ breed of dam 
t h 
e. , = random error associated with the measure ijkl 
Model II 
Model II was similar to Model I except that this model 
also included the estimate of B^^ as a covariate. The only 
parameter analyzed with this model, was the estimate of k^. 
The B^ parameter allows for early weight deviations, since the 
curve does not go through the origin on day zero. The k^ and 
B^ parameters are correlated, and including B^ as a covariate, 
allows comparison of k^ (rate of maturity) at equal values. 
A series of linear contrasts were utilized to compare 
specific linear functions of farm and breed categories. This 
allows a comparison of year x age of dam, farm of birth, and 
farm of maintenance from the farm category. From breed com­
binations, comparisons of interest were: straightbred versus 
crossbred, and dairy beef versus beef dairy crossbreds. Het­
erosis of specific crosses was calculated as the average differ­
ence between the least squares means of the crossbred groups 
being considered and the average of the straightbred parental 
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groups being considered. When expressed as a percentage, 
this is in relation to the straightbred mean. 
mean of mean of mean of mean of 
breed cross ij + breed cross ji _ breed ii + breed jj 
2 2 
% Heterosis = X 100 
mean of breed ii + mean of breed jj 
2 
Mean heterosis values were calculated as the simple 
average of those breeds involved. 
Steer Data 
Phase II of the study utilized carcass data on steer 
calves born in 1968 and 1969. Preweaning data were the same 
as previously described for heifer calves. Following 
weaning, steers were put on a high concentrate diet at their 
farm of birth. Steers were not transferred between farms. 
At Ankeny, the finishing ration averaged 70% ground shell 
corn, 25% corn silage, and 5% supplement. At Chariton, the 
ration averaged 80% high moisture ground ear corn, 15% 
haylage, and 5% premix. Steers were fed to approximately 
13 months of age at Ankeny, and 1months of age at 
Chariton. Post-weaning weights were taken at 240, 300, 
twice at 365 days, and one day pre-slaughter. Traits con­
sisting of weight, fat, lean, and carcass quality charac­
teristics, were measured or estimated at slaughter, or after 
a 24 hour chill. A more extensive description of individual 
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carcass traits can be found in 
with complete data were used, 
and farm is presented in Table 
presented in Table 4. 
Bertrand (1981). Only steers 
The data subdivision by year 
3. Breed subdivisions are 
Table 3. Number of steers by year and location 
Year 
Location 1968 1969 
Ankeny 82 122 
Chariton 77 82 
Table A. Breed subdivision of steer data 
Breed of Sire 
Angus Hereford Holstein Brown Swiss 
total 
Angus 21 21 22 26 90 
Breed Hereford 21 21 25 18 85 
of 
Dam Holstein 32 28 32 26 118 
Brown Swiss 16 25 12 17 70 
Total 90 95 91 87 363 
Grouse and Dikeraan (1976) developed multiple regression 
equations for the purpose of predicting constant composition 
retail product yield of steer carcasses. They described re­
tail product as the mass of closely trimmed retail cuts, in­
cluding trim from the carcass arithmetically adjusted to 25% 
fat. Percent retail cuts (PRC) was the retail cut weight pro­
portion or percent of hot carcass weight. 
Data used by Grouse and Dikeman (1976) to develop this 
regression equation, were part of the USDA germ plasm evalu­
ation program for beef production. It was felt that breed 
types, weights and degree of fatness, were similar enough for 
application to this data. Prediction equation #4 of Grouse 
and Dikeman, was selected since it had the largest coefficient 
of determination (.79 of those models for which comparable 
data were recorded in this study. The prediction equation 
used was; 
percentage retail product yield = 77.0 - 5.77 (fat thick-
2 
ness in cm.) + .138 (longissimus area cm ) - 1.17 (estimated 
kidney and pelvic fat %) - .0198 (carcass weight kg.) - .240 
(marbling score ) . 
Table 5 offers a comparison of data utilized in the de­
velopment of this equation by Grouse and Dikeman (1976), and 
data utilized in this study. 
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Table 5. Comparison of data utilized with Grouse and 
Dikeman (1976) 
Number 
Carcass wt. (kg) 
Est. K and P fat (%) 
Marbling score (1-13) 
Fat thickness (cm) 
Loin eye area (cm - ) 
Retail product {%) 






















PRESENTATION OF RESULTS 
Cow Growth Curve Parameters 
Table 6 presents the analysis of variation of Asymp­
totic Mature Weight (A^). Least squares means of A^ are 
presented in Table 8. 
Linear contrasts were used to subdivide the farm 
category effect in order to examine its component parts. The 
farm at which cows were maintained after one year of age 
significantly (P<.01) effected A^. Cows maintained at 
Ankeny (1386 pounds) were heavier than those kept at Chariton 
(1218 pounds). Cows raised at Ankeny had significantly 
(P<.01) greater weights than cows raised at Chariton, 1347 
versus 1167 pounds, respectively. Farm differences are pre­
sumed to be primarily nutritional associated with higher 
nutrient levels at Ankeny. Differences, as a result of birth 
year, were not significant. The lack of a significant year 
difference does not disallow the possibility of a year effect. 
Since year of birth is completely confounded with dam parity, 
the effect of year or dam parity alone is nonestimable and 
may be counter balancing. 
Breed of dam was a highly significant source of varia­
tion of A^. Cows with Holstein or Brown Swiss dams were 
significantly (P<.01) heavier than cows with Angus or 
Hereford dams, 1346 and 1254 pounds, respectively. Breed of 
sire was a significant effect (P<.01). Cows with dairy 
sires were significantly (P<.05) heavier than cows with beef 
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sires. Differences between Angus and Hereford or between 
Holstein and Brown Swiss, were nonsignificant for both breed 
of sire and breed of dam. Crossbred cows were significantly 
(P<.05) heavier at maturity than straightbred cows, 1311 
versus 1286 pounds, respectively.. This difference is an 
average heterosis of 3.4%. Beef crossbreds (Angus and Here­
ford) were 5:8% heavier than straightbred. Dairy crossbreds 
were 0,5% heavier than straightbred Holstein and Brown Swiss. 
Cows with beef sires and dairy dams were heavier (1335 pounds) 
than cows with dairy sires and beef dams (1301 pounds) (P<.01) 
The parameter is considered the average rate at which 
the cow approaches its asymptote (A^). Analysis of variance 
of (rate of maturing) is presented in Table 6. Least 
squares means of k^ are presented in Table 8. Small k^ values 
indicate either lower growth rates, larger mature size, or 
both. 
Farm category is a significant source of variation for 
k^. Values for farm categories range from .00168 for cate­
gory 9 (1970 cows raised and maintained at Ankeny) to .00290 
for category 10 (1970 cows raised and maintained at Chariton). 
Cows maintained at Chariton have significantly (P<.01) greater 
k^ values than those maintained at Ankeny, .00233 and .00179, 
respectively. There is no difference as a result of year of 
birth or farm at which cows were raised. 
Breed of sire and breed of dam were not significant 
effects for k^. Although not significant, there appears a 
trend for cows with dairy dams to have larger than cows 
with beef dams. Crossbred cows have significantly (P<.05) 
greater values than straightbred cows. This difference 
gives an average heterosis of 3.7%. Dairy crossbreds 
exceed straightbred dairy by 11.4%, .00224 versus .00201, 
respectively. There is no difference between beef crossbred 
(.00207) and straightbred beef breeds (.00205). Cows with 
beef sires and dairy dams had greater (P<.05) k^ values 
than cows with dairy sires and beef dams (.00212 versus 
.00204). 
The parameter is included in the growth curve 
equation as a constant of integration. It is theoretically 
the initiation weight for the k^ parameter. More numerous 
data points both pre and post-natal, would allow detection 
and fit of a birth inflection. With relatively few data 
points, the interpretation of B^ alone is of limited value 
(Nelson, 1982). 
Analysis of variance of B^ is presented in Table 6 and 
least squares means of B^ in Table 8. Farm category and 
breed of dam, are both significant effects for B^. Ankeny 
raised cows have significantly (P<.01) greater B^ values 
than Chariton raised cows, 97.6 and 95.1). 
Cows with beef dams have significantly (P<.01) greater 
B^ values than those with dairy dams. Crossbred cows average 
(0.7%) greater B^ values than straightbred cows (P<.05). 
The and parameters together, describe the early 
growth curve. The parameter was of primary interest. It 
was therefore, desirable to compare k^ values at common ini­
tiation points (B^). Therefore, B^ was also included as a 
covariate in a least-squares analysis of k^. These values 
are designated as k^^. 
Analysis of variance of k^, including B^ as a covariate, 
is presented in Table 7- Least squares means of kg^ are pre­
sented in Table 8. Farm category is a highly significant 
effect (P<.01). Values for farm categories range from a 
high of .00281 for category 10 (1970 cows raised and main­
tained at Chariton) to .00174 for category 1 (1968 cows raised 
and maintained at Ankeny). Cows maintained at Chariton had 
greater kg^ values than cows maintained at Ankeny (P<.01). 
No difference is evident between the farms at which cows were 
raised or as a result of year of birth. Cows with dairy dams 
have greater (P<.01) kg^ values than cows with beef dams, 
.00220 and .00202, respectively. Average heterosis is 1.5%. 
Dairy crossbred cows exceed straightbred dairy cows by 6.4%; 
this value is 0.2% in the beef breeds. 
Cows with beef sires and dairy dams, had significantly 
(P<.01) greater kg^ values than cows with dairy sires and 
beef dams (.00220 and .00201, respectively). 
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Table 6. Analyses of variance for estimates of growth 
curve parameters A, k, and B (Model I) 
Sums of Squares 
a 
A k B 
Source ( 1 0 4 ) b  ( 1 0 - 7 )  ( 1 0 ^ )  
Farm category 8  4 2 3 . 9 * *  2 1 5 . 2 * *  6 2 . 1 * *  
Breed of Sire (BOS) 3  1 9 . 5 *  2 . 2  1  . 4  
Breed of Dam (BOD) 3  5 9 . 8 * *  3 . 0  1 6 . 7 * *  
BOS*BOD 9  
vD CM 
1 7 . 7  
C
O 
Error 2 1 5  5 1 5 . 6  3 4 6 . 5  1 3 6 . 4  
®A expressed in pounds, sum of squares in 1b^. 
^Tabular value to be multiplied by parenthetical 




Table 7. Analyses of variance for growth curve parameter k 
(Model II) 
Sums of Squares 
kg 
Source df 
value^ 1 63.6** 
Farm category 8 175.2** 
Breed of Sire (BOS) 3 1.1 
Breed of Dam (BOD) 3 18.1** 
BOS*BOD 9 6.6 
Error 214 282.9 
^Tabular value to be multiplied by parenthetical 
component to produce original figure. 
'^Included as a covariate. 
*s PC. 01 . 
Table 8. Least squares means of cow growth parameters 
4 X 10 
.-5 kg.x 10 ,-5 
Farm category 
L.S. Mean Std. Err. L.S. Mean Std. Err. L.S. Mean Std. Err. L.S. Mean Std. Err. 
1 1437.6 21 .0 180.3 5.5 174.2 5.0 97.1 0.3 
2 1155.1 33.9 210.9 8.8 221 .8 8.1 94.6 0.6 
3 1281.6 29.5 221 .5 7.7 208.9 7.2 98.0 0.5 
4 1201.3 36.3 182.6 9.4 1 96.5 8.8 94.1 0.6 
5 1453.1 26.5 178.6 178.9 6.2 96.1 0.4 
6 1155.3 41 .2 201 .1 10.7 223.0 10.2 92.9 0.7 
7 1231.7 32.3 244.1 8.4 229.4 7.9 98.3 0.5 
9 1585.9 36.8 168.6 9.5 184.2 8.9 93.9 0.6 
1 0 1201.1 44.4 290.3 11 .5 281 .3 10.5 97.5 0.7 
Breed of Sire 
Angus 1271.1 20.9 213.0 5.4 214.6 4.9 95.9 0.3 
Hereford 1269.5 21 .6 205.6 5.6 208.6 5.1 95.7 0.4 
Holstein 1331.9 21 .4 210.3 5.6 210.1 5.0 96.2 0.4 
Brown Swiss 1328.3 21 .7 205.8 5.6 210.3 5.1 95.5 0.4 
Breed of Dam 
Angus 1234.2 21 .9 207.6 5.7 207.0 5.1 96.6 0.4 
Hereford 1273.8 21 .4 203.0 5.6 196.9 5.1 97.1 0.3 
Holstein 1373.3 19.4 21 1 .6 5.0 217.5 4.6 95.3 0.3 
Brown Swiss 1319.5 23.1 212.4 6.0 222.3 5.6 94.7 0.4 
BOS*BOD ^  
AA 1166.9 43.4 216.1 11.3 215.5 10.2 96.3 0.7 
AH 1270.8 41 .8 200.0 10.8 197.2 9.8 96.6 0.7 
AF 1379.7 39.7 218.6 10.3 219.9 9.3 96.0 0.6 
AB 1266.9 39.8 217.1 10.3 226.0 9.4 94.9 0.6 
HA 1211.6 50.0 214.9 13.0 207.6 11.8 97.2 0.8 
HH 1179.0 43.0 195.2 11.1 192.6 10.1 96.5 0.7 
HF 1391.5 35.4 205.5 9.2 215.7 8.5 94.7 0.6 
HB 1295.8 38.7 206.6 10.0 218.7 9.2 94 . 4 0 .6 
FA 1297.0 43.6 201 .0 11.3 198.8 10.2 96.5 0.7 
FH 1339.4 42.4 197.5 11.0 190.5 10.0 97.2 0.7 
FF 1350.7 36.3 208.8 9.4 216.5 8.6 95.1 0.6 
FB 1340.5 46.0 233.8 11.9 234.8 10.8 96.0 0.7 
BA 1261 .3 36.1 198.3 9.4 206.6 8.5 95.0 0.6 
BH 1305.9 40.6 219.4 10.5 207.4 9.7 98.0 0.7 
BF 1371.1 39.6 213.5 10.3 218.3 9.3 95.4 0.6 
BB 1374.9 52.8 192.1 13.7 209.5 12.7 93.6 0.9 
^Least squares means for Model II which included B. as a linear covariate. 
All others are Model I. ^ 
^Farm category codes are as described in Materials and Methods. 
"'Breed codes are A-Angus H-Hereford F-Holstein B-Brown Swiss. The first 
letter denotes breed of sire, the second denotes breed of dam. 
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Immature Weights of Cows 
Early weights of cows involved in the study were in­
vestigated at three ages; birth, 180 days, and 365 days of 
age. These age adjusted weights were analyzed, utilizing 
the same model as was used in the analysis of growth curve 
parameters. 
The analysis of variance for birth weight is presented 
in Table 9, and least squares means are presented in Table 
1  0 .  
Least squares means for farm category range from high 
of 84.84 pounds for category 10 to low of 70.44 for category 
4. Farm of birth and farm at which cows were maintained, 
did not affect birth weight. Year of birth significantly 
{P<.01) effected birth weight. Birth weights were lightest 
in 1968 (74.70 pounds) and heaviest in 1970 (84.18 pounds). 
These differences are completely confounded with dam parity, 
with all first parities in 1968, and subsequent parities in 
later years. The difference here denoted as year, may likely 
be a function of dam age. 
Dairy sired calves (Holstein and Brown Swiss) had 
heavier weights (81.4 pounds), than did beef sired calves 
(74.2 pounds) (P<.01). Differences between Hereford and 
Angus sires and between Holstein and Brown Swiss sires, were 
not significant. Cows with beef dams had significantly (P<.01) 
lighter birth weights than cows with dairy dams, (70.3 pounds 
and 85.4 pounds, respectively). Cows with Angus dams were 
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significantly lighter {P<.01) than cows with Hereford dams. 
Birth weight of cows with Holstein or Brown Swiss dams did 
not differ. Average heterosis over all breeds is -0.8%. 
Heterosis in beef breeds is 2.3%, and in dairy breeds is 
0.7%. 
Cows with beef sires and dairy dams were heavier (P<.01) 
at birth (80.7 pounds) than cows with dairy sires and beef 
dams (72.9 pounds). 
Analysis of variance of 180 day weight, is presented in 
Table 9, and least squares means are presented in Table 10. 
Cows raised at Ankeny were significantly (P<.0'1) heavier at 
180 days than cows raised at Chariton, (420.9 and 396.3 
pounds, respectively). 
The effect of year is confounded with age of dam. The 
heavier weights in later years are also associated with older 
dams. 
Cows sired by dairy sires (447.7 pounds) are signifi­
cantly (P<.01) heavier at 180 days, than are cows sired by 
beef sires (427.7 pounds). Cows with dairy dams (468.9 
pounds) were heavier (P<.01) than cows with beef dams (406.5 
pounds). Angus and Hereford or Holstein and Brown Swiss, did 
not differ either by breed of sire or by breed of dams. 
Crossbred cows were significantly (P<.01) heavier at 180 
days than straightbred cows. The average heterosis is 13.4 
pounds or 3.1%, Angus and Hereford crossbreds are 29.5 
pounds (7.8%) heavier than straightbred Angus and Hereford. 
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Heterosis in Holstein and Brown Swiss is 0. 5%. Cows with 
beef sires and dairy dams were significantly heavier (P<.01) 
at 180 days than cows with dairy sires and beef dams (461.1 
and 418.6 pounds, respectively). 
Tables 9 and 10 present the analysis of variance and 
least squares means for 365 day weight. All effects in the 
analysis are highly significant (P<.01). Cows raised at 
Ankeny were significantly heavier (P<.01) than cows raised 
at Chariton (708.0 and 666.7 pounds, respectively). Cows 
with dairy sires were heavier (P<.01) than cows with beef 
sires, (701.4 versus 737.5 pounds, respectively). Cows with 
dairy dams were heavier (P<.01) than cows with beef dams, 
(676.5 and 762.4 pounds, respectively). Crossbred cows were 
3.8% heavier (P<.01) than straightbred. Angus and Hereford 
crossbreds were 5.6% heavier than straightbred. Heifers 
with beef sires and dairy dams were significantly heavier 
at 365 days (P<.01), than heifers with dairy sires and beef 
dams (749.8 and 700.1 pounds, respectively). 
Table 9. Analyses of variance of cow weight at birth, 180^, and 365 days of age 
Sums, of Squares 
Source df 
Birth weight" 180-day weight 365-day weight 
(10-3)^ (10-3) (10-3) 
Farm Category 8 4.1** 281.7»* 361.9** 
Breed of Sire (BOS) 3 3.1** 29.1** 77.7** 
Breed of Dam (BOD) 3 12.5** 203.0** 387.9** 
B0D*B0D 9 1 .6* 37.3 80.5** 
Error 215 16.5 509.8 705.9 
^Weights are age adjusted to 180 and 365 days of age prior to analysis. 
^Weights are expressed in pounds, sums of squares in (Ib)^. 




Table 10. Least squares means of cow weight at birth, 180, and 365- days of age 
birth weight^ 180-day weight 365-day weight 
K L.S. Mean Std. Err. L.S. Mean Std. Err. L.S. Mean Std. Err 
Farm category 
1 72.27 1.19 418.3 6 .6 701 .7 7.8 
2 75.50 1 .92 408.0 10.7 680.9 12.6 
3 75.94 1 .67 417.0 9.3 711.9 10.9 
4 70.44 2.06 382.4 11.4 651 .5 13.4 
5 80.62 1 .50 440.2 8.3 718.4 9.8 
6 77.03 2.34 412.2 13.0 683.0 15.3 
7 79.75 1 .83 430.0 10.2 716.7 12.0 
9 84.44 2.09 510.8 11.6 806.3 13.6 
10 83.76 2.52 520.3 14.0 804.5 16.4 
Breed of Sire 
Angus 72.90 1.18 435.2 6 .6 709.4 7.7 
Hereford 75.46 1 .22 420.2 6.8 693.3 8.0 
Holstein 80.83 1 .21 443.2 6.7 735.5 8.0 
Brown Swiss 82.00 1 .22 452.1 6 .8 739.4 8.0 
Breed of Dam 
Angus 67.92 1 .23 405.4 6.9 671 .6 8.1 
Hereford 72.61 1 .21 407.5 6.7 681 .4 7.9 
Holstein 85.77 1.10 466.6 6 .1 762.3 7.2 
Brown Swiss 84.87 1 .31 471 .1 7.3 762.4 8.6 
BOS«BOD^ 
AA 64.39 2.46 390.2 13.6 645.5 16.1 
AH 69.16 2.37 416.4 13.2 680.0 15.5 
AF 82.35 2.25 480.3 12.5 771 .8 14.7 
AB 75.70 2.26 454.0 12.5 740.3 14.7 
HA 67.68 2.83 401 .7 15.7 661 .0 18.5 
HH 69.33 2.43 369.0 13.5 624.9 15.9 
HF 86.59 2.01 463.7 11.1 762.3 13.1 
HE 78.24 2.19 4 4 6.4 12.2 725.0 14.3 
FA 69.67 2.47 411.4 13.7 691 .8 16.1 
FH 74.43 2.40 409.7 13.3 693.2 15.7 
FF 86.46 2.06 459.2 11.4 750.2 13.4 
FB 92.74 2.60 492.3 14.5 807 .0 17.0 
BA 69.93 2.04 418.4 13.4 688.0 13.4 
BH 77.52 2.30 434 .9 12.8 727.4 15.0 
BF 87.69 2.24 463 .1 12.4 765.0 14.6 
BB 93.78 2.99 491 .8 16.6 770.4 19.6 
^Weight expressed in pounds. 
^Farm category codes as described in Materials and Methods. 
^Breed codes are; A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first 
letter denotes breed of sire, the second denotes brred of dam. 
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Immature and "Mature 
Heights of Cows 
Analysis of variance of heights at birth, 180 days, 365 
days, and maturity are presented in Table 11 and least 
squares means in Table 12. 
Farm category is not a significant source of variation 
for birth height. Birth height does not significantly 
differ as a result of either farm or year of birth. Cows 
with dairy sires (697.5 mm) were taller at birth (P<.01) 
than cows with beef sires (654.7 mm). Cows with dairy dams 
(705.7 mm) were significantly (P<.01) taller at birth than 
cows with beef dams (646.5 mm). Progeny of Hereford dams 
were significantly (P<.01) taller at birth than progeny of 
Angus dams (656.2 mm versus 636.8 mm). Straightbred and 
crossbred cows did not differ in height at birth. Beef 
sires x dairy dam cows were 16.4 mm taller at birth than 
dairy x beef cows (P<.01). 
Farm category means for 180 day height are tallest 
in 1970 and shortest in 1968 (P<.05). This difference again 
may be a function of either year or dam age or both. 
Cows with dairy sires were taller at 180 days (996.6 
mm versus 935.0 mm) than those with beef sires (P<.01). 
Cows with dairy dams were taller (P<.01) than cows with beef 
dams (1014.7 mm versus 916.9 mm, respectively). Cows with 
Angus sires were taller at 180 days than cows with Hereford 
sires (P<.01), however, cows with Hereford dams tended to be 
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taller than cows with Angus dams (P<.05). 
Average heterosis for height at 180 days was 0.8%. In 
Angus and Hereford, heterosis is 2.2% and in dairy cows is 
0.1%. Beef X dairy exceed dairy x beef by 13.83 mm (P<.01). 
Farm category was a highly significant (P<.01) source 
of variation for height at 365 days. Cows born in 1968 were 
shortest at 365 days of age, intermediate in 1969, and tallest 
in 1970; 1087.4, 1109.3, and 1126.3, respectively (P<.01). 
Cows with dairy sires were taller (P<.01) than with beef sires, 
and cows with dairy sires were taller (P<.01) than beef dams. 
Cows with Angus sires are taller than those with Hereford 
sires (P<.01), however, cows with Hereford dams are taller 
than cows with Angus dams (P<.05). Beef x dairy cows were 
8.0 mm taller (P<.01) than dairy x beef cows at 365 days. 
Crossbred cows were taller (P<.05) at 365 days than straight-
bred cows (1108.0 versus 1095 mm). Average heterosis over 
all breeds was 1.2%. Heterosis in beef breeds was 2.4% and 
in dairy breeds was 0.7%. 
Farm category was not a significant source of variation 
for mature height. Ankeny born cows tended to be taller 
(P<.05) at maturity than McNay born cows, (1294.1 versus 1276.9 
mm). Cows of dairy parentage are significantly taller than 
cows with beef parents. Cows with Hereford dams are signifi­
cantly (P<.05) taller than cows with Angus dams. There is no 
significant difference between Holstein and Brown Swiss dams, 
Angus and Hereford sires, or Holstein and Brown Swiss sires. 
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Cows with beef sires and dairy dams did not differ signifi­
cantly from dairy x beef cows. Average heterosis at maturity 
is 0.3%. Heterosis in beef breeds is 0.9% and in dairy breeds 
is 0.9%. 
Degree of Mature Weight 
Estimates of asymptotic mature weights (A^) and weights 
at birth, 180, and 365 days, were utilized to calculate the 
proportion of mature weight at each of the three ages. The 
values are thus a function of the cows weight at the speci­
fied age and her eventual mature weight. 
Table 13 presents the analyses of variance for degree 
of mature weight at birth, 180, and 365 days of age. Least 
squares means are presented in Table 14. 
Farm category is significant (P<.01) at each of the 
three ages. Cows maintained at Chariton were a greater pro­
portion of their mature weight at each of the three ages 
than Ankeny cows. Ankeny raised cows were significantly 
heavier (P<.01) at 180 and 365 days than Chariton raised cows, 
however, cows raised at Chariton are significantly {P<.G1) 
greater proportions of their mature weight at each of the 
three ages than Ankeny raised cows. At 365 days, Ankeny 
raised heifers are 53.3% and McNay 57.0% of their mature 
weights. Year of birth significantly {P<.01) affected the 
proportion of mature weight at birth. Cows born in 1968 of 
first parity dams were 5.9% of their mature weight and in 
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1969 were 6.2%. This difference is probably the result of 
an age of dam influence on birth weight. 
Cows sired by dairy sires were significantly (P<.01) 
greater proportions of their mature weight at birth than cows 
sired by beef sires (5.9% and 6.2%). Cows with dairy dams 
were significantly (P<.01) greater proportions at each of the 
three ages than were cows with beef dams. Cows with beef 
sires and dairy dams,were 6.2, 35.2, and 57.2%, and dairy x 
beef cows were 5.7, 32.8, and 54.9% of their mature weight 
at birth, 180, and 365 days, respectively. Average heterosis 
for all breeds was -3.0% at birth, 0.6% at 180 days, and 1.0% 
at 365 days of age. Angus and Hereford did not differ at any 
of the three ages for proportion of mature weight, nor did 
Holstein and Brown Swiss, either as breed of sire or breed 
of dam. 
Degree of Mature Height 
Estimates of each cow's mature height and height at 
birth, 180 days and 365 days, were utilized to calculate 
proportion of mature height at each of three ages (birth, 
180, and 365 days of age). 
Table 15 presents analysis of variance of degree of 
mature height at birth (DBH), 180 (D180H), and 365 days of 
age (D365H). Least squares means are presented in Table 16. 
The model accounts for only 14.6% of the variation in 
degree of mature height at birth and contains no significant 
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effects. Cows averaged 52.3% of their mature height at 
birth. 
Farm category is a significant (P<.01) for both D180H 
and D365H. Cows born in 1968 are a lesser proportion of 
their mature height at both 180 and 365 days of age, than cows 
born in 1969. This difference follows the difference in calf 
heights as a function of year, and is presumed an age of dam 
effect. Ankeny raised cows are lesser prportions (P<.01) at 
180 days and 365 days of age, than are Chariton raised cows. 
It was previously noted that Ankeny raised cows were taller 
at maturity. There was no statistical difference in heights 
at 180 and 365 days, as a function of the farm at which cows 
were raised. Differences in proportions are, then, a function 
of differences in mature heights. Cows with dairy dams were 
greater proportions (P<.01) of their mature height at 180 and 
365 days than were cows with beef dams. Cows with dairy dams 
were also taller at both ages and at maturity. Progeny of 
Angus sires were significantly (P<.01) greater proportion of 
mature height at 180 and 365 days of age, than progeny of 
Hereford sires. 
Average difference between crossbred and straightbred 
was 0.5% at 180 days and 0.9% at 365 days. At 180 days, cows 
with beef sires and dairy dams were a significantly greater 
proportion of their mature height than cows with dairy sires 
and beef dams (P<.01).. This is a function of calf heights 
since this difference was not evident in mature heights. 
Table 11. Analyses of variance of cow height at birth, 180 days^, 365 days of age, 
and at maturity 
Sums of Squares 
Birth height^ 180-day height 365-day height mature height 
Source df 
c 
(10- 3 )  (10-3) (10- 3 )  (10-2) 
Farm category 8 14.3 79.3** 109.5** 20.2 
Breed of Sire (BOS) 3 102.1** 220.7** 285 .1** 349.9** 
Breed of Dam (BOD) 3 192.5** 511 .2** 586.9** 615.6** 
BOS*BOD 9 10.3 22.7* 27.9* 11.9 
Error 215 197.4 270.4 310.0 1334.8 
^Heights were adjusted to 180 and 365 days of age prior to analysis. 
^Heights are expressed in MM, sums of squares in (MM)^. 




Table 12. Least squares means of 
of age and at maturity 
Birth height^ 
L.S. Mean Std. Err. 
Farm category^ 
1 672.8 4.1 
2 682.3 6.6 
3 683.0 5.8 
4 663.7 7.1 
5 674.9 5.2 
6  6 7 8 . 0  8 . 1  
7 660.1 6.3 
9 686.4 7.2 
10 682.5 8.7 
Breed of Sire 
Angus 653.6 4.1 
Hereford 655.7 4.2 
Holstein 693.0 4.2 
Brown Swiss 701.9 4.2 
Breed of Dam 
Angus 636.8 4.3 
Hereford 656.1 4.2 
Holstein 707.9 3.8 
Brown Swiss 703.4 4.5 
BOS*BOD^ 
AA 622.0 8.5 
AH 631.6 8.2 
AF 684.5 7.8 
AB 676.3 7.8 
HA 617.6 9.8 
HH 630.8 8.4 
HF 701.3 6.9 
height of cows at birth, 180 days of age, 365 days 
180-day height 
L.S. Mean Std. Err. 
943.6 4.8 
























L.S. Nfean Std. Or. 





1 1 0 0 . 8  1 0 . 1  
1110.1 7.9 
1 1 2 7 . 6  9 . 0  
1124.9 10.9 
















L.S. Mean Std. Frr. 
1295.5 5.5 
1297.8 8.9 
1 2 9 1 . 8  7 . 8  





















HE 673.2 7.6 959.5 
FA 645.8 8.5 922.4 
FH 679.3 8.3 965.0 
FF 718.0 7.1 1038.4 
FB 728.9 9.0 1049.3 
BA 661 .8 7.1 950.4 
BH 682.8 7.9 954.2 
BF 727.8 7.7 1041 .9 
BB 735.3 10.3 1050.8 
8.9 1098.1 9.5 1295.3 10.2 
10.0 1067.7 10.7 1264.2 11.5 
9.7 1098.2 10.4 1286.7 11.2 
8.3 1178.8 8.9 1375.2 9.6 
10.5 1198.7 11.3 1395.8 12.1 
8.3 1083.5 8.9 1266.2 9.5 
9.3 1108.0 10.0 1289.9 10.7 
9.1 1193.2 9.7 1377.5 10.4 
12.1 1193.0 13.0 1392.7 13.9 
^All heights expressed in m.m. 
^Farm category codes are as described in Materials and Methods. 
^Breed codes are: A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first 
letter denotes breed of sire, the second denotes breed of dam. 
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Table 13. Analyses of variance for proportion of mature weight at birth, 180, and 
365 days of age 









Breed of Sire (BOS) 








0 . 8 2 * *  
0.05 
0 . 2 6 * *  











6 5 . 0 8  
Degree of Mature weight at birth, 180, and 365 days of age, expressed as a 
percentage. 
'^Tabular value to be multiplied by parenthetical component to produce original 
figure. 
**P<.01. 




1 .050 .001 
2 .065 .002 
3 .060 .002 
4 .059 .002 
5 .056 .001 
6 .066 .002 
7 .064 .002 
9 .054 .002 
10 .069 .002 
Breed of Sire (BOS) 
Angus .058 .001 
Hereford .060 .001 
Holstein .062 .001 
Brown Swiss .062 .001 
Breed of Dam (BOD) 
Angus .056 .001 
Hereford .058 .001 
Holstein .064 .001 
Brown Swiss .065 .001 
BOS*BOD^ 
AA .057 .002 
AH .056 .002 
AF .061 .002 
AB .060 .002 
HA .057 .003 
HH .059 .002 
birth, 180, and 365 days of age 
D180W D365W 
L.S.Mean Std.Err. L.S.Mean Std.Err. 
.293 .006 .493 .007 
.353 .009 .590 .012 
.328 .008 .563 .010 
.323 .010 .549 .013 
.305 .007 .498 .009 
.357 .011 .592 .015 
.350 .009 .584 .011 
.325 .010 .512 .013 
.433 .012 .669 .016 
.347 .006 .566 .007 
.335 .006 .554 .008 
.338 .006 .560 .008 
.344 .006 .564 .008 
,334 .006 .554 .008 
324 .006 .543 .008 
,346 .005 .565 .007 
.359 .007 .582 .008 
.338 .012 .561 .010 
.331 .012 .542 .010 
.358 .011 .574 .010 
.360 .011 .588 .010 
.337 .014 .554 .010 
.315 .012 .535 .010 
HF .064 .002 .31 1 .01 0 .559 .01 0 
HE . 061 .002 .348 .01 1 .568 .01 0 
FA .055 .002 .326 .012 .547 .01 0 
FH .058 .002 .31 4 .012 .532 .01 0 
FF .064 .002 .343 .010 .560 .01 0 
FB .069 .002 .367 .013 .602 .01 0 
BA .056 .002 .336 .010 .553 .01 0 
BH . 060 .002 .336 .01 1 .564 .01 0 
BF .065 .002 .343 .01 1 .565 .01 0 
BB .068 .003 .362 .01 5 .571 .01 0 
^Degree of maturity at birth, 180, and 365 days of age expressed as a 
fractional proportion of estimated mature weight. 
^Farm category codes as described in Materials and Methods. 
^'Breed codes are: A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first 
letter denotes breed of sire, the second denotes breed of dam. 
Table 15. Analyses of variance for proportion of mature height at birth, 180 and 
365 days of age 








Farm category 8 8.11* 3.82** 6.87** 
Breed of Sire (BOS) 3 2.16 0.54* 0.36 
Breed of Dam (BOD) 3 2.17 1.20** 0.79* 
BOS*BOD 9 4.04 0.68 0.58 
Error 215 109.69 13.21 16.26 
a 
Degree of mature height at birth, 180, and 365 days of age, expressed as a 
fractional proportion of the mature height. 




Table 16. Proportion of mature height at birth, 180, and 365 days of age 
DBH® D180H D365H 
Farm category 
L.S.Mean Std.Err. L.S.Mean Std.Err. L.S.Mean Std. Err 
1 .519 .003 .728 .003 .826 .004 
2 .527 .005 .741 .005 .864 .006 
3 .529 .004 .734 .005 .830 .005 
4 .523 .005 .743 . 006 .867 .006 
5 .521 .004 .748 .004 .862 .005 
6 .534 .006 .753 .007 .866 .007 
7 .510 .005 .744 .005 .859 .006 
9 .527 .005 .768 .006 .867 .007 
1 0 .524 .006 .772 .007 .863 .008 
Breed of Sire (BOS) 
Angus .520 .003 .754 .003 .860 .004 
Hereford .526 .003 .740 .003 .850 .004 
Holstein .521 .003 .747 .003 .854 .004 
Brown Swiss .527 .003 .751 .003 .860 .004 
Breed of Dam (BOD) 
Angus .519 .003 .743 .004 .852 .004 
Hereford .527 .003 .740 .003 .849 .004 
Holstein .527 .003 .758 .003 .865 .003 
Brown Swiss .523 .003 .752 .004 .857 .004 
BOS*BOD^ 
AA .523 .006 .744 .007 .852 .008 
AH .526 .006 .745 .007 .851 .007 
AF .518 .006 .766 .006 .874 .007 
AB .521 .006 .760 .006 .862 .007 
HA .519 .007 .744 .008 .858 .009 
HH .529 .006 .724 .007 .834 .008 
HF .538 .005 .754 .006 .860 .006 
HB .520 .006 .741 .006 .848 .007 
FA .511 .006 .730 .007 .845 .008 
FH .528 .006 .751 .007 .854 .008 
FF .522 .005 .756 .006 .858 .006 
FB .532 .007 .752 .007 .860 .008 
BA .523 .005 .751 . 006 .856 .006 
BH .530 .006 .740 .006 .859 .007 
BF .529 .006 .760 .006 .867 .007 
BB .528 .007 .755 .008 .858 .009 
^Degree of maturity at birth, 180, and 365 days of age, expressed as fractional 
proportion of estimated height. 
^Farm category codes as described in Materials and Methods. 
^Breed codes are; A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first 
letter denotes breed of sire, the second denotes breed of dam. 
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Instantaneous Rate of Change 
in Cow Growth Curves 
The first derivative of the growth curve equation, with 
respect to time (dy/dt), is a measure of growth rate. Since 
time is described in days and weight in pounds, dy/dt gives 
instantaneous gain per day. The derivative (dy/dt) was cal­
culated for each cow at three ages, 418, 730, and 1095 days. 
The analyses of variance of these derivatives are presented 
in Table 17, least squares means are presented in Table 18. 
Crossbred cows have significantly greater growth rate 
at 418 days than straightbred (P<.01). This difference 
diminishes and is nonsignificant at 730 and 1095 days. 
Progeny of beef sires and dairy dams have greater growth 
rate at 418 days than progeny of dairy sires and beef dams 
(P<.05), however, this relationship is reversed at 1095 days 
(P<.01 ) . 
Farm category remains a significant source of variation 
through 1095 days (P<.01). Ankeny raised heifers have greater 
rates of gain at each of the three ages than Chariton heifers. 
Progeny of Holstein and Brown Swiss cows have signifi­
cantly greater dy/dt than progeny of Angus and Hereford cows 
at 418 days (P<.01) and 730 days (P<.05). 
Table 17. Analyses of variance of dy/dt at 418, 730, and 1095 days of age 








Farm category 8 231 .5** 199.1** 116.5** 
Breed of Sire (BOS) 3 12.2* 2.3 0.5 
Breed of Dam (BOD) 3 43.8** 11.3* 3 .1 
BOD*BOD 9 23.9 5.9 5.2 
Error 215 305.2 224.1 151.3 




Table 18. Least squares means of dy/dt 
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0.91 
1  . 0 6  
1  . 2 2  
1  . 0 1  
Std. Err. 
. 0 1  6  
. 0 2 6  
.023 




. 0 2 8  
.034 




Brown Swiss 1.05 
. 0 1  6  
.017 
. 016  
.017 




Brown Swiss 1.04 
. 0 1  7  
.017 
.01 5 












1  . 0 2  
1  . 0 0  
0.95 








418, 730, and 1095 days of age 
dy/dt 730 days dy/dt 1095 days 
L.S. Mean Std. Err. L.S. Mean Std. Err. 
0.66 .014 0.35 .01 1 
0.49 .022 0.23 .018 
0.53 .019 0.24 .01 6 
0.52 .024 0.28 .020 
0.67 .018 0.35 .014 
0.49 .027 0.24 .022 
0.50 .021 0.21 .018 
0.73 .024 0.39 .020 
0.41 .029 0.14 .024 
0.55 .014 0.26 .01 1 
0.55 .01 4 0.27 .012 
0.57 .01 4 0.28 .012 
0.56 .014 0.27 .012 
0.53 .014 0.27 .012 
0.56 .01 4 0.28 .012 
0.59 .013 0.29 .010 
0.54 .015 0.26 .013 
0.50 .029 0.24 .024 
0.57 .028 0.29 .023 
0.59 .026 0.28 .021 
0.53 .026 0.25 .022 
0.52 .033 0.25 .027 
0.52 .028 0.27 .023 
0.60 .023 0.30 .019 
HB 1 .01 .030 0.54 . 026 0.27 . 021 
FA 1 .02 .034 0.56 .029 0.29 .024 
FH 1 .08 .033 0.60 .028 0.31 .023 
FF 1.10 .028 0.58 .024 0.28 .020 
FB 1.13 .035 0.55 .030 0.23 .025 
BA 0.99 .028 0.55 . 024 0. 28 .020 
BH 1.10 .031 0.56 .027 0 . 26 . 022 
BF 1.12 .030 0.58 .026 0. 28 . 021 
BB 1 .00 .040 0.53 .035 0.27 .027 
^Dy/dt expressed in pounds per day. 
^Farm category codes as described in Materials and Methods. 
^Breed codes are: A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first 
letter denotes breed of sire, the second denotes breed of dam. 
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Correlations of 
Cow Growth Parameters 
Table 19 presents correlations of cow growth param­
eters. Simple correlations are above and residual corre­
lations below the diagonal. Residual correlations are equiv­
alent to partial correlation with all fixed effects removed 
Yg ° FC BS BD BS*BD'' 
Table 20 presents partial correlations. Above the di­
agonal is the correlation of parameters y^ and y^ with the 
effect of farm category removed {r^ ^ , FC'' Partial cor­
relations below the diagonal are with the effect of breed 
and breed interaction removed (r^ ^ • bS BD BS*BD^' 
Table 21 presents several correlations from Tables 19 
and 20 as an example of interpretation. 
Height at 180 days may be of interest in the prediction 
of mature cow size. The relationship between 180H and 
is examined in four correlation coefficients. The simple 
correlation (r,o-„ . ) is .33. The partial correlation 
1 8 0 H  A W T  
after removing the effects of farm category on both responses 
is .42. This may also be interpreted as a pooled average 
of the nine within farm category correlations. The third 
correlation a  •  BS bd BS»Bd' "= correlation be-
W t 
tween 180H and A^^ with the effects of BS, BD, and BS*BD 
removed from both responses. This is analogous to a within 
breed category correlation pooled across all breed combina­
tions. The final correlation is the correlation of residual 
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values, or the correlation after eliminating the effects of 
both farm category and breed combination on both responses. 
The correlation of 180H and is increased by removing 
the effect of farm category and is reduced by removing the 
effect of breed. Looking at animals of all breeds, within 
one farm, gives a higher correlation (.42) than looking at 
all animals across both farms (.33). The correlation, with­
in breed, across both farms was .23. The correlations, thus, 
indicate that tall breeds at 180 days were heaviest at ma­
turity, and taller farm categories at 180 days tended to be 
heavier at maturity. Correlation within breeds were dim­
inished relative to correlations across breeds, indicating a 
large breed effect common to both traits. 
Steer Composition 
Table 22 presents analyses of variance of carcass yield 
traits of steers. Table 23 presents least squares means for 
these traits. . 
As previously described, percent retail cuts (PRC) is 
the proportion of the hot carcass yielding retail cuts with 
25% fat. Slaughter weight (sl.wt.) as used here, is the 
immediate preslaughter weight. Pounds of retail cuts (Ib.Rc) 
is the estimated weight of constant composition retail cuts. 
Cutability (cut) is as calculated by the USDA cutability 
formula (Bertrand, 1981) and estimates the percent boneless 
trimmed retail cuts. 
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Progeny from dairy sires and dams have significantly 
greater yields than do progeny from beef sires and dams, as 
measured by each of the four traits. Steers sired by Brown 
Swiss sires had greater percent retail cuts and higher per­
cent cutability than steers sired by Holstein sires (P<.01). 
Progeny of Hereford dams had greater percentage retail cuts 
than progeny of Angus dams (P<.01). 
Crossbred steers had significantly lower percent retail 
cuts (P<.01), significantly greater slaughter weights (P<.01), 
significantly greater pounds retail cuts (P<.01), and signif­
icantly lower cutability (P<.05) than straightbred steers. 
The difference gives average heterosis values of -1.6%, 6.4%, 
5.9%, and -0.8% for the four traits, respectively. Steers 
with dairy sires and beef dams did not differ from steers 
with beef sires and dairy dams for either percent retail cuts 
or cutability (P<.01), but were heavier at slaughter (P<.01) 
and yielded more pounds of retail cuts (P<.01). 
Table 19. Simple and Residual Correlations or Cow Size and Growth Parameters^ 
k" B Aht BW 180W 365W BH I80H 365H DBW D180W D365H DBH D180H D365H 
k .422" -.594" .001 .076 .245»' .220" .010 .107 .073 .576»» .774" .858" -.007 .192" .126 
B .429" -.104 -.135» -.242»» -.236" -.075 -.229»» -.238»» -.210" -.143» -.123 .050 -.173" -.223»» -.165 
Awt -.602" -.138» .408" .343»» .398" .504" .354" .328»» .274" -.535" -.540" -.694" .014 -.024 -.148' 
Aht -.101 -.074 .436" .636»» .524" .638" .772»» .836»» .815" .200»» .089 .046 -.103 -.006 -.115 
BW .002 -.230 .273" .328" .624" .677" .750" .724" .709" .598" .250" .166' .339" .345»» .250" 
180W .242" -.277" .311*» .403" .446»» • .901»» ..518" .680" .532" .226" .545" .297" .119 .437" .121 
365W .194'* -.032 .487" .511" .478" .822" .595" .724" .649" .181" .357" .258" .093 .346" .150' 
BH -.044 -.150» .334" .407" .621»» .440" .455»» .771" .736»» .368" .142» .083 .551" .223" .093 
180H .049 -.168» .271" .547" .472" .574" .560" .440" .904»» .354»» .307»» .212»» .111 .544»» .287" 
365H -.029 -.034 .283" .540" .454" .317»» .507»» .433" .709»» .357»» 225" .213»» .084 .403" .481»» 
DBW .499" -.095 .552»» .083 .632" .147» .031 .271»» .177" .153» .597" .750»» .318»» .336" .357»» 
Dieow .731" -.127 -.561" -.035 .167» .595" .293»» .103 .250» .028 .613" .911" .107 .420" .251" 
D365W .843" .122 -.704 -.101 .086 .309" .252»» -.007 .120 .075 .657'» .872»» .075 .313" .297" 
DBH .041 -.090 .026 -.310" .406»» .162» .102 .740»» .106 .057 .346" .134» .022 .359" .301" 
D1B0H .150» -.111 -.105 -.338" .219'» .261" .127» .156» .601»» .245" .275" .310" .230" .416" .702" 
D365H .073 .040 -.124 -.404" .162' -.050 .050 .065 .232" .550" .244" .069 .185*» .370" .652" 
^Simple correlations above the diagonal, residual correlations below the diagonal. 
'^Abbreviations as previously described. 
"p<.05. 
P<.01. 
Tnble /O. î'arLInl Correlations of Cow Siv.e nnd Growth ParatnoLers^ 
B 
«wt A hi DH laow 365W BH IBDII 36511 DBW D180W D365H DBH DIflOII D365H 
k .399"" -.519" .017 .058 .257" .221" .025 .100 .068 .475" .720" .837»" .029 .169» .111 
B .430"" -.168" -.189" .278"" -.328" -.138" -.227" -.244" -.162" -.162" -.179"" .060 -.091 -.159" .014 
Awt -.625"" -.055 .495" .418" .426" .566" .458" .419" .427" -.332"" -.436" -.578"" .054 .008 -.024 
Aht -.062 -.004 .393" .679"" .609"" .712"" .775" .864" .868" .286" .147" .097 -.125 .038 -.043 
BW .079 -.187"" .248»» .332" .625" .682" .800"" .722" .721"" .703" .248" .178"" .346" .295" .232" 
180H .236" -.185"" .352" .397" .546"» .880" .612"" .696"" .588" .320" .613»» .371"" .143" .361»» .097 
365W .207"" .015 .hTi'» .491"" .560»" .878" .673" .740" .724»" .264"" .369"" .325»" .103 .280»" .187'" 
BH ..C04 -.159" .267" .406" .578"» .413."" .429" .792"" .779"» .461»» .195"» .117 .529" .272»» .186"" 
180H .116 -.185"" .234"* .518"" .567" .666"" .637"" .468"" .918" .397"' .303"" .216"" .397"' .536"" .305"" 
365H .035 -.161" .141» .467" .518»» .373"" .471»» .376" .730"" .389»» .191"" .196"" .061 .369»» .458"" 
DBW .608*" -.109 -.674" -.100 .534»» .113 .019 .219»» .216»» .259»» .611»» .645»» .343»» .304»» .267»» 
Dieow .777"" -.109 -.604»» -.030 .241»» .521»» .309»» .113 .338»» .181" .720»» .879»» .380»» .351»» .125 
D365W .857"" .066 -.762" -.098 .134» .243»» .194»» .018 .185»» .174" .776»» .907»» .056 .264»» .222»» 
DBH .021 -.154" -.014 -.306" .358"" .137» .090 .744"" .111 .054 .306"" .143» .117 .380" .346"" 
D1B0H .181"" -.201"" -.074" -.282" .347»» .401»» .292»» .173"" .673"" .418" .326"" .402»» .264»» .389»» .679»» 
D365H .092 -.164" -.186"" -.361" .256"" .054 .081 .050 .329"" .655"" .354"" .217"" .222"" .319"» .684" 
^Partial correlations with the effect of farm category removed (r _ ) above the diagonal. Partial correltaion 
'1'2 
with breed and breed interaction removed (r^ ^ gg gp BS"BD* below the .diagonal. 




Table 21. Selected correlations from Tables 19 and 20 
ISOH'A^t BW*A^^ BW*H365 
.33 .34 .77 .71 
.42 .42 .78 .72 
.23 .25 .41 .52 
.27 .27 .41 .45 
Fc 
• BS 
^y^y, ' FC 
BD BS*BD 
BS BD BS*BD 
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Table 22. Analyses of variance of PRC, slaughter weight, 
pounds retail cuts, and cutability 
Sums of Squares 
PRC SI. wt. lb. RC cut 
Source df (10 )® (10^) (10^) ( 1 0 )  
Year 1 58.4** 16.5 7.2* 16.5** 
Farm 1 1 .8 0.0 0.2 1.1* 
Breed of Sire (BOS) 3 27.1** 8.6** 3.9 5.6** 
Breed of Dam (BOD) 3 75.8** 141.1** 316.3** 6.3** 
Y*F 1 12.1** 24.7** 120.7** 18.5** 
BOS*BOD 9 13.6 29.7** 55.3** 2.1 
BOD*F 3 10.1* 1 .2 9.0 2.2* 
Error 3A1 684.9 395.2 685.0 76.8 
•"Tabular value to be multiplied by parenthetical 
component to produce original figure. 
*P<.05. 
**?<.01 . 
Table 23. I.oast Sqiiarea Means or Carcass Yield Traits 
percent retail cuts 
L.S. Mean Std. Err. 
FarmIF) 
Ankeny 69.63 0.25 
McNay 70.10 0.27 
Year(y) 
1968 71.19 0.27 
1969 68.54 0.25 
F"Y 
Ankeny 1968 70.05 0.38 
Ankeny 1969 69.21 0.31 
McNay 1968 72.33 0.39 
McNay 1969 67.87 0.38 
Breed of DamtBODl 
Angus 67.79 0.35 
Hereford 69.09 0.37 
Fresian 70.77 0.32 
Brown Swiss 71*81 0.41 
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Swiss. The first letter denotes breed of sire. 
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Correlations of Steer Growth 
and Yield Traits 
Tables 24 and 25 present correlations of traits mea­
sured on steers. A more in depth analysis of individual 
growth and carcass traits is presented in Appendix tables 
1, 2, 3, and 4. Table 24 presents simple correlations 
above and residual correlations below the diagonal. Resi­
dual correlations give the association of traits with all 
effects in the model removed. Table 25 presents partial 
correlations. Partial correlations below the diagonal 
(Ty^y BS BD BS*Bd' Give the association of and y^ with 
the effect of breed and breed interaction removed. The 
partial correlations above the diagonal (r^ ^  ^ ^ F*Y^ are 
with the effects of farm, year and farm*year removed. 
Percent retail cuts and USDA cutability have high posi­
tive correlations in all cases. PRC is an estimate of per­
cent closely trimmed retail cuts and trim. Cutability esti­
mates the percent closely trimmed boneless cuts. They thus 
are similar measures. 
Table 26 presents several correlations of interest, 
condensed from Tables 24 and 25. 
Table 2h. Simple and Residual Correlations of Steer Size and Composition Traits^ 
PRC*' SI Ht Lb RC SI Age BH 180H 365W BH 180H 36511 LEA Fat Cut Dress Hbl 
PRC -.158" .201" .148" .221" -.006 -.098 .365** .354»» .414»» .221*' -.916" .957" -.539" -.508" 
SI Ht -.490"* .905" .340" .530" .809"» .872" .502** .584»» .492»» .398" -.008 -.251" .142'* .173** 
Lb RC -.109« .881" .266" .587" .780** .818" .583** .651»» .585"* .541*' -.314" .100 .146" -.048** 
SI Age -.429" .617" .501" -.155 .089 -.112* -.037 -.090 .199" .077 -.110* .080 .348** 
BW -.058 .325" .349" -.038 .596" .652" .773»» .691»» .704»» .155* -.302" .084 -.084 -.256** 
180H -.375" .771" .711" .457** .341** .855" .558»» .740»» .562»» .333'* -.107* -.109' .068 -.001 
365W -.432" .921" .837** .369** .419** .820" .558»» .658»» .571»» .313** -.033 -.220** .151* -.017 
BH -.057 .260" .255** -.027 .659" .288** .335" .769»» .775»» .148** -.472** .235" -.263" -.218" 
Î80H -.034 .350" .353** -.026 .363** .573" .478** .458»» .897" .145" -.491" .216" -.275" -.15B»* 
365H .087 .144«» .182** -.402** .434** .268** .348** .469»» .716»» .084 -.557" .269" -.308" -.207** 
LEA .087 .528" .684" .294** .216** .421" .483" -.027 .160»* .061 -.048 .360" .195'* -.023 
Fat -.907" .434*. .097 .398** .058 .352** .384** .116» .001 -.104 .107* -.829" .549** .311" 
Cut .959" -.481** -.120* -.407** -.086 -.379** -.441** .092 .064 .043 .240** -.844" -.510** -.358** 
Dress -.347" .374** .520** .301** .177** .380** .394** .075 .060 -.011 .350** .357" -.347" .148** 
Hbl -.490" .311*» .093 .283** -.064 .197" .228** -.040 .039 .095 .060 .275 -.310" .052 
^Simple correaltions above the diagonal, residual correlations below the diagonal. 
^Abbreviations as previously described. 
'p<.05. 
"*P<.01. 
Table 25. Partial correlations of Steer Size and Composition Traits^ 
PRC SI Wt Lb RC Age BH 180H 365W BH 180H 365H LEA Fat Cut Dress Mbl 
PRC -.111* .238** -.343" .293** .004 -.020 .374»» .386** .483** .164** 
-
.921** .943»» -.484** -.539** 
SI Wt 
-
.517«» .908** .513** .553** .839»» .942»» .519»» .601** .486** .449** 
-
.041 -.207»» .105* .160** 
Lb RC .129»* .876»* .388** .616** .799»» .890»» .588»» .662** .586** .570** ,335*» .139»» .139" -.061 
Age .20a»» .386** .310** -.034 .358»* .280»» -.025 -.009 -.222** .262** ,285»» -.350»» .272»» .261** 
BH 
-, .101 .308** .328** -.238 .581*» .644»» .812»» .677** .710** .216** .372»» .170»» .132* -.221** 
180W .343'» .735** .691** .093 .385** .875»» .559" .743** .577** .364" 
-
.133» .098 .057 .055 
365VI 
-
.<.43" .818** .742** -.153** .492** .802** .601** .701** .628" .411" 
-
.126* -.131» .077 .066 
BH 
-
.037 .244** .252»* -.109» .614** .301»» .334»» .779** .797** .147** 
-
.481*» .243»» -.264»» -.207*» 
180H 
-
.055 .331** .335»» -.135» .436** .581** .478** .441** .901** .168** 
-
.521** .253** -.293*» -.138** 
365H 
-
.016 .175" .186" -.233" .473" .265" .331" .424** .718" .118* 
-
.601 .347 -.350" -.232" 
LEA .190»* .448" .638" .197** .131* .383** .336** .117* .110* -.015 
-
.002 .308** .275** -.017 
Fat 
-
.904" .459" .113» .138» .113» .361»» .432»» .042 .037 -.033 -.022 -.830 .514 .340 
Cut .964" -.507" -.141»» -.146»» -.153** -.353»» -.477»» -.072 -.097 -.070 .329 
-
.847»» -.441 -.392 
Dress 
-
.429'* .414** .520»» .100 .215** .385»» .438»» .075 .081 .050 .244** .413»» -.441** .151" 
Mbl -.474** .313" .087 .395»» -.144»» .102 .073 -.082 .017 -.063 .017 .255»» -.302** .060 
^Partial correlations with the effect of farm year and F*ï removed (r^ ^ p ^ F»ï' ^bove the diagonal. 
Partial correlation with breed and interaction removed (fy y 33 gp bs'Bd' below the diagonal. 




Table 26. Selected correlations from Tables 24 and 25 
180W 180W 365H 365H 365H 
PRC LbRC PRC LbRC Pat 
''h^2 
"^,7; F Ï 
BS BD BS*BD 
^y.y. F Y BS BD BS*BD 
Measures of height may be of use if they are highly cor­
related with production traits. The correlations presented 
in Table 26 indicate that the association of height at 365 
days and PRC, LbRC and fat (backfat thickness) was primarily 
a function of breed. Taller breed groups tend to be both 
heavier and leaner, this association does not hold within 
breed groups where the correlations approach zero. The cor­
relations of 180W and PRC have a similar interpretation. 
Within breeds, those animals heaviest at 180 days had the 
lowest percent retail cuts. The correlations of 180W and 
LbRC are all relatively high. This indicates that weaning 
weight is positively associated with pounds of product both 
within breed groups and across breed groups. 
- .01 .78 .41 .59 -.56 
.00 .80 .48 .59 -.60 
-.34 .69 -.02 .19 -.03 
-.38 .71 .09 .18 -.10 
76 
Regression of Steer Composition 
on Slaughter Weight and Age 
Individual measurements taken at or near slaughter are 
static measurements as described by Cock (1966). Longitu­
dinal data, as in growth curves, although the most inform­
ative are not possible for carcass characteristics since data 
collection involves sacrificing the individual. An alterna­
tive is a type of cross sectional data as described by Cock 
(1966) and Tanner (1951). Cross sectional data involves 
individual measurement with the same measurement being made 
at different ages or stages of development on individuals of 
the same subpopulation. This yields information on the mean 
pattern of the sampled population. The relative quality 
depends on the homogeneity of the subpopulation sampled. 
While steers were not serially slaughtered, variation in birth 
date and growth rate resulted in a weight-maturity continuum 
at slaughter. 
As a further investigation of breed differences, weight 
within breed category was included in the model as a linear 
covariate. These regression coefficients then offer a meas­
ure of mean growth and maturity pattern within breed. 
The analysis of variance for compositional traits, in­
cluding weight within breed as a covariate, is presented in 
Table 27. Regression coefficients of Percent Retail Cuts, fat 
thickness, cutability, and marbling score on slaughter weight 
and their corresponding standard errors, are presented in 
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Table 28. 
In all cases, the regression of PRC on slaughter weight 
is negative. This indicates that within a breed category, 
heavier steers have a greater proportion of nonlean tissue in 
the carcass than do lighter steers.. The magnitude of the re­
gression coefficient for AA steers (-0.015) indicates that an 
increase of 100 pounds in slaughter weight would decrease per­
cent retail cuts by 1.5%. 
Generally, those groups with more fat (lower PRC values) 
have larger regression coefficients. This can be seen in 
comparison of breed group means and a comparison of straight-
bred versus crossbred steers. 
The pooled average of straightbred and crossbred regres­
sion coefficients for each of the five traits are: PRC -0.010, 
-0.014; fat 0.009, 0.020; cutability -0.051, -0.078; marbling 
score 0.005, 0.008; LEA 0.51, 0.58. 
Regression of fat and cutability on slaughter weight, 
follows the same pattern as that for PRC. 
Table 29 gives the analyses of variance for retail cut 
weight and loin eye area utilizing weight within breed as a 
covariate. The within breed regression coefficients are pre­
sented in Table 30. The regression of retail cut weight on 
slaughter weight indicates the retail cut weight change as the 
result of a one pound increase in slaughter weight. For the 
AA breed group, as slaughter weight is increased by one pound. 
I 
retail cut weight is increased by 0.36 pounds. These regres­
sion coefficients generally follow the PRC pattern in breed 
groups. Those leaner breed groups (larger PRC) tend to have 
higher regression values, indicating a greater proportion of 
increased carcass being retail cuts. 
Table 31 gives the analyses of variance of slaughter 
weight, retail cut weight, and PRC including age within breed 
as a covariate. Table 32 presents the regression coeffi­
cients. Regression of slaughter weight and retail cut weight 
on age, indicate the per day accumulation of slaughter weight 
and retail cut weight. Regression of PRC on age is negative 
in all cases, indicating that percent retail cuts decrease 
with increasing age. This was expected, considering the high 
positive correlation between age and weight within breed, and 
the negative regression of PRC on slaughter weight. 
Within breed regressions, as presented in Tables 28 and 
30, were pooled by breed of dam. The pooled regression co­
efficients are presented in Table 33. Regression of PRC and 
cutability on slaughter weight are indicators of rate of com­
positional maturity. These regressions indicate the progeny 
of Angus dams as the breed of dam group most rapidly approach­
ing compositional maturity. Marbling score, which is a com­
ponent measure of fat, does not follow the same pattern as 
PRC and cutability, which are measures of total carcass com­
position. 
Regression of Retail Cut Weight inversely indicates the 
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approach of compositional maturity. The larger values of 
Brown Swiss indicates a greater proportion (42%) of weight 
variation being retail cuts (lean tissue). Smaller values 
indicate that variation in weight is largely non-retail 
cuts (fat). 
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Table 27. Analyses of variance of PRC, fat, cutability, 
and marbling score including weight within 
breed as a covariate 
Sums of Squares 
PRC fat(cm) cutability marbling 
Source df (10 (10 ) (10 ) (10 ) 
Year 1 27 .1** 9 .8** 8 ;6** 0 .6 
Farm 1 1 .7 13 .7** 1 .1* 21 .4** 
Year*Farm 1 11 , .8** 2 .7 2 .5** 3 .2» 
BOS 3 6. 9* 13, .2* 1 .4* 1 , .2 
BOD 3 53, .5 9, .6 1 .1 2, .0 
BOD*Farm 3 12. 8** 11 , 3# 2 .7** 3, .3 
BOS*BOD 9 8. ,3 20. ,0 1 .2 14. ,6* 
WT(BOS*BOD) 1 6 125. ,7** 186. 7** 24 .3** 46. ,4** 
Error 325 249. ,5 403. 9 52 .5 226. 2 
^Tabular value to be multiplied by parenthetical 
component to produce original figure. 
*P<.05. 
* * P < . 0 1  .  
Table 28. Within breed coefficients of regression of PRC, fat, cutability, and 
marbling score on slaughter weight and standard errors 
PRC^ fat cutability marbling score 
bi Std. Err. bi Std. Err. bi Std. Err. bi Std. Err 
AA^ -0.015 .006 0.021 .007 -0.070 .028 -0.000 .005 
AH -0.025 . 006 0.031 .008 -0.119 .029 0.004 .006 
AF -0.012 .003 0.011 .005 -0.048 .01 9 0.01 4 .003 
AB -0.011 .006 0.010 .008 -0.053 .028 0.006 .006 
HA -0.044 .005 0.059 .007 -0.171 . 026 0.025 .005 
HH -0.016 .006 0.01 6 .007 -0.088 .028 0.001 .005 
HF -0.020 .004 0.026 .005 -0.104 .019 -0.002 .004 
HB -0.015 .004 0.01 9 .005 -0.067 . 021 0.005 .004 
FA -0.023 .005 0.023 .007 -0.107 .026 0.012 .005 
FH -0.020 .008 0.024 .01 0 -0.087 .039 0.007 .008 
FF -0.007 .004 0.000 .005 -0.029 .020 0.013 .004 
FB -0.008 .008 0.000 .01 1 -0.037 .040 0.012 .008 
BA -0.013 .004 0.013 .006 -0.057 .022 0.012 .004 
BH -0.013 .008 0.017 .011 -0.063 .040 0.001 .008 
BF -0.004 .004 0.006 .005 -0.017 .018 0.005 .003 
BE -0.002 .006 0.000 .008 -0.018 .031 0.005 .006 
Pooled^ -0.015 .002 0.017 .002 -0-.067 .007 0.008 .001 
^Abbreviations as previously described. 
'^Breed abbreviations are: A-Angus, H-Hereford, F-Holstein, 
The first letter denotes breed of sire, the second, breed of dam. 
^Regression coefficent pooled across all breed combinations. 
8 5  
Table 29. Analyses of variance of loin eye area and retail 
eut weight including weight within breed as a 
covariate 
Sums of -Squares 
Loin Eye Retail cut 
Area(in^) weight(lbs) 
Source df (10^)3 (10^) 
Year 1 47.3** 3.7** 
Farm 1 0.0 0.0 
Year*Farm 1 8.2* 1 .7* 
BOS 3 4.1 2.8 
BOD 3 0.7 7.2** 
BOD*Farm 3 13.7** 3.8* 
BOS*BOD 9 9.5 7.5* 
WT(BOS*BOD) 16 148.7** 555.7** 
Error 325 332.8 129.3 
^Tabular value to be multiplied by parenthetical 




Table 30. Within breed coefficients of regression of LEA 
and retail cut weight on slaughter weight, and 
standard errors 
Loin Eye Area (in ) Retail Cut Weight (lb) 
AA*^ 
bi Std. Error bi Std. Error 
0.71 .22 0.36 .05 
AH 0.49 .23 0.33 .05 
AF 0.64 . 1 4 0.40 .03 
AB 0.54 .23 0.35 .05 
HA 0.53 .21 0.16 .04 
HH 0.33 .22 0.34 .05 
HF 0.38 .15 0.31 .03 
HE 0.72 .17 0.42 .03 
FA 0.25 .20 0.30 .04 
FH 0.63 .31 0.32 .06 
FF 0.56 .16 0.38 .03 
FB 0.64 .32 
CO o
 .06 
BA 0.47 .17 0.33 .04 
BH 0.67 .32 0.34 .06 
BF 0.96 .14 0.50 .03 
BE 0.44 .25 0.41 .05 
^Tabular value to be multiplied by parenthetical 
component to produce original figure. 
'^Breed codes are: A-Angus, H-Hereford, F-Holstein, 
B-Brown Swiss. The first letter denotes breed of sire, 
the second, breed of dam. 
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Table 31. Analyses of variance of slaughter weight, retail 
cut weight and PRC including age as a covariate 
Sums of Squares 
slaughter retail cut PRC 
weight(lbs) weight(lbs) ( % )  
Source df (10*)* (10^) (10) 
Year 1 • 15.0** 7.4* 49.3** 
Farm 1 78.4** 92.7** 46.5** 
Year*Farm 1 3.9* 1 .2 16.9** 
BOS 3 4.9 10.5 0.7 
BOD 3 4.6 8.6 3.5 
BOD*Farm 3 4.7 8.1 7.3 
BOS*BOD 9 2.2 5.7 2.3 
Age(BOS*BOD) 16 163.2** 199.6** 80.4** 
Error 325 232.0 485.4 685.0 
^Tabular value to be multiplied by parenthetical 




Table 32. Within breed coefficients of regression of 
slaughter weight, retail cut weight, and PRC 
on age and standard errors 
Retail Cut 
slaughter weight Weight PRC 
AA® 
bi Std. Err. Std. Err. bi Std. Er 
3.51 . .82 1 .05 .37 -0.09 .03 
AH 2.75 .73 0.84 .33 -0.06 .03 
AF 4.12 .54 1 .54 .24 -0.05 .02 
AB 3 .50 .79 1 .47 .36 —0.06 .03 
HA 3.30 .56 0.82 .26 -0.12 .02 . 
HH 2.19 . 60 0.69 .27 -0.05 .02 
HF 3.37 . 58 1 .21 .27 -0.06 .02 
HB 2 . 82 .52 1 .01 .24 -0.07 .02 
FA 3.43 .75 1 .04 .34 -0.07 .03 
FH 1 .37 . 62 0.46 .28 -0.04 .02 
FF 3.14 . 48 1 .20 .22 -0.05 . 02 
FB 2.75 . 86 0.85 .39 -0.07 .03 
BA 2.72 .54 0.72 .24 -0.08 .02 
BH 1 .70 .73 0.48 .33 — 0.06 .03 
BF 3.78 .54 1 .54 .24 -0.04 .02 
BB 2 .21 . 68 0.70 .31 -0.04 .02 
Breed codes are: A-
B-Brown Swiss. The first 
the second breed of dam. 
Angus, H-Hereford, F-Holstein, 
letter denotes breed of sire. 
able 33. Coefficients of regression of PRC^, fat, cut, marbling, LEA, and retail 
cut weight on slaughter weight pooled by breed of dam 
PRC Fat cutability 
marbling 
score LEA (10"^) 
Retail Cut 
weight 
Breed of Dam bi bi bi bi 
Angus -.024 .002 .029 .003 -.100 . 008 .012 .002 0,49 .10 0 .29 .02 
Hereford -.019 . 002 . 022 . 004 - . 089 .010 .003 . 002 0.53 . 1 0 0 .33 . 02 
Holstein -.01 1 .002 .01 1 . 003 -.049 . 008 . 007 .001 0.64 .09 0 .40 .01 
Brown Swiss -.009 .003 .007 . 004 -.043 . 008 .007 .002 0.59 . 1 0 0 .42 . 02 
^Abbreviations previously defined also described in Appendix Table 1. 




Comparison of breeds of different sizes to help under­
stand the influence of mature size, may be confused by breed 
divergence independent of mature size. It is unknown to what 
extent the selection for specific characteristics and random 
drift in the evolution of breeds may have altered relative 
tissue growth. The breeds represented here do not represent 
identical breeds which differ only in mature size. Breeds do 
differ in tissue composition at maturity. Butterfield et al-
(1983) indicates that strains of sheep differ in the amount and 
proportion of fat at maturity, and these differences are not a 
function of size alone. 
The impact of size differences on the net efficiency of 
production is a complex issue. Central to this issue is the 
positive association of maintenance requirements and mature 
size. The size estimate is dependent on composition as de­
scribed by Webster (1981). A measure of maintenance mass, or 
mass of tissues of comparable metabolic activity would better 
describe the size of parents. 
McClelland et al. (1976) examined carcass composition of 
breed groups of sheep differing widely in mature size. The 
sheep were serially slaughtered at 40, 50, 60 and 70% of their 
estimated mature size. Large differences were found between 
breeds and sexes, however, when expressed as a percentage of 
estimated mature size, these differences disappeared. Since 
the breeds did not differ at any degree of maturity, it is 
9 1  
inferred that the mature size estimates were at comparable 
composition. 
Mature Size 
Estimation of mature size through nonlinear models is 
certainly dependent on the proportionate growth of different 
tissues. Differences in growth curve parameters of the dis­
tinct farm categories indicates the magnitude of mature size 
differences in different environments. The difference in 
mature tissue composition associated with farm category dif­
ferences are not known. However, Taylor et al. (1981) indi­
cates that at the same age, a genetically identical animal 
managed to heavier weight will have a greater proportion of 
fat. This infers that cows born and raised at Ankeny (1,347 
lbs.) were fatter both in total fat amount and proportion of 
body size than were Chariton cows (1,167 lbs.). If differences 
in mature weight were entirely a function of fat differences, 
then the metabolic maintenance requirements for the two groups 
would be similar, despite large differences in the growth 
curve estimate of mature size. 
Breed category estimates of mature size range from a high 
of 1,391 pounds for Hereford x Holstein to a low of 1, 1.67 
pounds for straightbred Angus cows. The difference in esti­
mated mature weight between the two breed groups is of value 
for production decision only if it reflects a comparable dif­
ference in maintenance requirement. The estimation of breed 
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average mature weight does not consider relative proportions 
of body tissues. The assumption that heavier breed groups are 
proportionately fatter is not justified nor is an assumption 
of comparable composition. 
Growth and Composition 
The breed groups heaviest at slaughter generally have 
the heaviest mature weights (r=.82). However, breed groups 
heavier at maturity tend to have higher PRC (r-.61) indi­
cating they are also the leaner breed groups. 
The nonlinear nature of tissue deposition makes it diffi­
cult to infer or estimate the composition of cows. However, 
at the same weight, females are compositionally more mature 
than males (McClelland et al. 1976). Increased weight results 
in increased compositional maturity (proportion of fat). This 
does not infer that weight gain at any stage of growth is en­
tirely nonlean tissue, though that may be. The within breed 
regression of retail cut weight on slaughter weight supports 
this. Those leaner breed groups tend to have larger regres­
sion coefficients, indicating a greater proportion of lean 
deposition at the fixed age slaughter. Within breed regres­
sion of PRC on slaughter weight is negative for all breeds. 
The regression coefficients are of largest magnitude in the 
more compositionally mature breeds. Thus, as weight increases, 
so does the proportionate deposition of nonlean tissues. 
The correlation between rete of maturity and weight at 
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compositional maturity is negative. While the larger breeds 
may grow at a faster absolute rate, they are approaching ma­
turity more slowly. Thus, at any fixed age, the breeds with 
larger mature size tend to be both heavier and less composi-
tionally mature. 
Table 34 presents breed group least squares means of 
several measures of size and maturing rate. The breed groups 
with larger mature sizes tend to be: 
1. Greater proportion of mature weight at birth, 180 
and 365 days. 
2. Heavier at slaughter. 
3. Greater proportion of breed mature weight at a fixed 
slaughter. 
4. Leaner (higher PRC values). 
Considering the negative relationship of mature size and 
maturing rate, larger breeds are expected to be: 
1. Equal or lesser proportion of their mature weight at 
all fixed age points. 
2. Heavier at slaughter. 
3. Equal or lesser proportion of breed mature weight 
at fixed age slaughter. 
4. Leaner. 
The inconsistencies of the growth pattern could be due to: 
1. Compositional maturity and mature size not being 
synonymous. 
2. A breed x management interaction for maturing pattern. 
Table 34. Selected breed group means 
Mature DBW D180W D365W 
Weight (%) {%) {%) 
Breed (lbs) 
AA 1166.9 5.7 33 .8 56.1 
AH 1270.8 5.6 33 .1 54.2 
AF 1379.7 6.1 35.8 57.4 
AB 1266.9 6.0 36.0 58.8 
HA 1211.6 5.7 33.7 55.4 
HH 1179.0 5.9 31 .5 53.5 
HF 1391.5 6.4 31 .1 55.9 
HE 1295.8 6.1 34 .8 56.8 
FA 1297 .0 5.5 32.6 54.7 
FH 1339.4 5.8 31 .4 53.2 
FF 1350.7 6.4 34.3 56.0 
FB 1340.5 6.9 36.7 60 .2 
BA 1261.3 5.6 33.6 55.3 
BH 1305.9 6.0 33.6 56.4 
Slaughter Slaughter , PRC 
Weight 
( lbs ) 
Mature Weight ( % )  
908.9 77.9 67 .22 
958.3 75.4 65 .78 
1112.3 80.6 68.26 
1 094 . 9 86.4 69.19 
1001.7 82.7 65.59 
939.2 79.7 68.76 
1117.2 80.3 69.13 
1087.5 83.9 70.64 
1046.7 80.7 68.70 
1041.6 77.8 70.12 
1126.6 83.4 72.15 
1133.8 84.6 72.77 
1014.8 80.5 69.66 
1042.7 79.8 71 .70 
BF 1371.1 6.5 34.3 56.5 1184.9 86.4 73.54 
BB 1374.9 6.8 36.2 57.1 1045.9 76.0 74.63 
^Breed codes are: A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first letter 
denotes breed of sire, the second denotes breed of dam, 




3. A breed x sex interaction for maturing pattern. 
4. The growth curve estimation of cow mature weight is 
underestimating mature weight of the large breeds relative to 
smaller breeds, due to compositional differences. 
Taylor et al. (1981) indicates that mature size and 
compositional maturity are generally synonymous. He concludes 
that larger animals are slower to mature than smaller animals. 
However, some exceptions do arise in that some animals mature 
faster than would be indicated by their size alone. 
Point #2 could explain the differences if Hereford and 
Angus cattle matured more rapidly in intensive feedlot man­
agement, but less rapidly when managed as replacement breed­
ing stock. This possibility has not been explored, but would 
be very important in optimal breed management. 
Point #3 has also not been explored. Investigation of 
this point would require either the extended growth of steers 
beyond optimal slaughter, carcass characteristics of mature 
cows, or preferably both. An interaction of this type could 
be very desirable in production efficiency. Identification 
of a breed or breed cross in which females were small and 
rapid maturing and males were large and later maturing would 
offer a major improvement in life-cycle efficiency. 
Point #4 most likely offers at least partial explanation 
of these differences. Tissue composition of mature cattle has 
received little attention. 
If cows in this study had been slaughtered at weights 
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equivalent to their steer counterparts, they would have had 
lower PRC values (McClelland et al., 1976), Increased weight 
beyond this point would result in an accelerated proportion 
of fat to lean deposition. Those breeds compositionally more 
mature (lower PRC) are expected to have greater acceleration 
than the leaner breeds. 
The range in slaughter weight mature weight (Table 34) 
for breed groups is from a low of 75.4 for AH to a high of 
86.4 for BF. These figures by themselves are of little use 
in evaluating slaughter weight, or production efficiency. 
However, they may aid in the description of relative tissue 
proportions at maturity. 
Breed group AH has a very low PRC (65.78) at an average 
slaughter weight of 958.3 lbs. compared to breed group BF 
(PRC = 73.54%, si. weight - 1184.9). With increased weight 
gain beyond the slaughter point, breed AH is expected to have 
a much higher proportionate fat to lean deposition than breed 
BF. Thus, with equal weight gains beyond slaughter weight, 
PRC would decrease more for breed AH than BF. This breed dif­
ference is compounded since breed AH will gain much more weight 
(312.5 versus 186.2 lbs.) in attaining its mature weight. The 
difference in composition is thus expected to be much greater 
at mature weights than indicated by the PRC differences at 
slaughter. 
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Application and Impact 
The within breed regression coefficients of PRC on 
slaughter weight are -.025 for AH and -.004 for BF (Table 28). 
If the breeds continued to follow this rate of deposition to 
their mature weight, it would decrease the PRC of AH by 7.70% 
to 58.08 at 1270.8 lbs. and BF by 0.75% to 72.79 at 1371.1 lbs. 
Proportionate tissue deposition is significantly linear 
over the range of slaughter weights. Extension of this to 
mature weights is well beyond this range and probably not 
justified. It is presented only to indicate the magnitude of 
mature cow differences. 
Following the evidence of Webster (1981) that metabolic 
maintenance is proportional to lean body mass, the following 
illustrates the resulting impact on production decisions. 
If we presume breed AH to be approximately 60% PRC at 
1270 pounds, and breed BF to be 73% PRC at 1370 pounds, the 
difference in mature weights would be less than 8%. The larger 
cows produce calves with more rapid growth that are heavier at 
slaughter (Morris- and Wilton, 1 977 ). The increased growth of 
the larger breed appears to justify an 8% increase in mature 
size. However, lean mass of breed BF is 31% greater than AH. 
The proportionate increase in metabolic maintenance may then 
nullify the apparent productive advantage of the larger breed. 
9 9  
Metabolic Maintenance 
and Total Efficiency 
Metabolic maintenance does not reflect the total nutri­
tive expense of the cow herd. The producing cow is seldom, 
if ever, truly in a maintenance status. Weight gain and loss 
are not reflected in metabolic maintenance, nor are produc­
tive activities such as pregnancy and lactation. Differing 
levels of milk production certainly have an associated cost, 
which has not been addressed here. Breed differences in preg­
nancy requirements independent of size are not available, and 
are also not addressed. 
Weight fluctuations are both a function of genotype and 
management. They may have a very large effect on an evalua­
tion of total efficiency or relatively minor. 
Cow weight is not static as depicted by the growth curve. 
The producing cow has a cyclic weight gain-loss pattern as a 
result of nutritive stress. The magnitude of this cycle is 
both breed and environment dependent. 
It is possible to modify the growth curve equation to 
allow for regular cyclic patterns by including trigonometric 
functions. 
An alteration of the previous model to include an annual 
cyclic component could be of the form: 
y . ^  =  A i ( l  -  .  P ( C 0 S | | |  +  
Where: 
P=the magnitude of weight variation (cycle amplitude) 
t=time in days as before 
1 00 
This model then allows for a 365 day cyclic pattern most 
probably associated seasonal feed availability and/or a yearly 
calving and lactation cycle. 
The type of tissues mobilized during periods of weight 
loss plays a large role in the determination of production 
efficiency. As cows are stressed, they draw upon fat re­
serves, with some protein catabolism taking place as well. 
As fat reserves are depleted, the cow must draw more exten­
sively on protein tissue. The efficiency of mobilization and 
subsequent realimentation of protein is much less efficient 
than fat tissue. Cows with insufficient amounts of fat thus 
incure the added expense associated with protein turnover. 
Fat tissue in the cow may thus play a very large role 
in integrated production systems. It may increase total pro­
duction efficiency by allowing the cow to mobilize fat in 
periods of stress, and redeposit the fat in periods of lush 
inexpensive nutrients. A cow with insufficient fat to under­
go the stress without protein depletion would require ad­
ditional nutritive supplementation during the stress period 
in order to avoid expensive protein turnover. 
As reviewed earlier, metabolic maintenance is the nutri­
tive expense incurred at a basal level. Maintenance expense 
at this basal level is approximately proportional to (lean 
75 body mass)' both across breeds and across species (Webster, 
1981; Brody, 1945). Animals certainly differ in normal ac­
tivity level. This increased activity level is not reflected 
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as a productive expense or as a component of maintenance 
expense. However, a far greater deviation occurs in those 
species undergoing hibernation, during which maintenance 
expense is far below a basal level. 
Species appear to have an evolutionary divergence in 
their response to minimal light and cold stress. While many 
species increase their activity level, others decrease their 
metabolic level going through a period of torpidity as in 
hibernation. 
The prospect of getting livestock to hibernate does not 
appear plausible, however animals removed from laboratory 
conditions may exhibit some natural variation which could 
have a large impact on production efficiency. 
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SUMMARY 
Evaluation of production efficiency of beef requires 
the simultaneous consideration of both inputs and products, 
and their interactions. It would appear that most emphasis 
in improved livestock production has dealt with increased 
production rather than decreased input. 
Size is a major component of beef production and a proper 
description of size is essential in the evaluation of beef 
production efficiency. Increased size obviously results in 
an increased per animal yield of retail product. It would 
also follow that increased size would result in increased 
maintenance expense. However, variation in tissue composition 
also affects both product yield and maintenance expense. De­
creased proportion of fat increase the proportionate product 
yield of slaughter animals, however this also increases main­
tenance expense. A proper description of size thus must also 
include a proper description of tissue composition. While an 
increased proportion of lean is desirable in market animals, 
this is undesirable in the breeding herd. Breeding programs 
designed for increased lean output may result in increased 
maintenance expense negating the advantage of increased lean 
output. 
Mature size in the breeding herd is of interest first 
in its influence on size of slaughter progeny produced, and 
secondly, in the maintenance mass of animals in the system. 
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Results here indicate the magnitude of both size and 
composition differences between breeds. Generalized con­
clusion indicate; 
1. Mature cow weight is largely influenced by manage­
ment both in early life and once in the breeding herd. 
2. Mature weight and maturing rate are negatively 
correlated indicating that larger animals take longer to 
reach their mature weight. 
3. Crossbred cows are heavier at maturity (3.4%) and 
mature more rapidly (3.7%) than straightbred cows. 
4. Mature weight of cows in this study would appear to 
be of little value in the projection of maintenance require­
ments due to the large differences in projected tissue composi­
tion. 
5. Production efficiency is largely dependent on size 
and composition, however cyclic weight patterns must be con­
sidered in an evaluation of total efficiency. 
Producers and consumers have both been made fully aware 
of the disadvantages of fat. This, however, should not be 
reflected in the cow herd. It would appear that the produc­
tion of beef is taking its direction from consumers and proc­
essors. Production systems can most certainly be designed 
to meet this direction, however, alternative systems which 
also consider production costs in the cow herd may be far more 
advantageous to total beef production efficiency while still 
producing an acceptable product. 
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Appendix Table 1. Analyses of variance for steer weights and heights at birth, 180 


















Year 1 2.7** 5.8 137.9** 0.3 14.1** 59.0** 
Farm 1 1 .6** 59.0** 625.2** 3.8* 5.2 1 .82 
Y*F 1 1 .7** 0.9 15.5 0.2 22.7** 7.0* 
BOS 3 5.1** 61.7** 218.7** 183.0** 340 .1** 532.9** . 
BOD 3 22.5** 644.9** 1159.9** 291.0** 742.9** 811 , 9** 
BOS*BOD 9 1 .5* 73.3** 269.3** 16.1 21 .5 13.9 
BOD*F 3 0.3 14.6 2.8 1 .5 5.0 0.7 
Error 341 30.3 989.4 2317.2 327.7 492.1 530.4 
^Tabular value to be multiplied by parenthetical component to produce 
original figure. 
*P<.05. 
**P< .01 . 
Append i x  Tnb le  P., I . ens l  i î qua res  Hcuns  f o r  B i r t h ,  180  day ,  36 ' j  day  We igh t s  and  He igh t s  
Birth Weight 180 day Weight 365 day Weight Birth Height 180 day Height 365 day Height 
L.S. Mean Std. Err. L.S. Mean Sid. Err. L .S .  Mean Std. Krr. L.S. Mean Std. Err. L.S. Mean Std. Err. L.S. Mean Std. Err. 
Farm(F) Ankeny 81.18 0.71 458.63 4.05 980.54 6.19 684.9 2.3 972.0 2.9 1137.8 3.0 
HcMay 76.73 0.77 431.61 4.38 892.65 6.71 678.0 2.5 963.9 3.1 1142.6 3.2 
Year(Y) 1968 76.10 0.76 440.94 4.37 916.23 6.69 682.4 2.5 961.4 3.1 1126.9 3.2 
1969 81.81 0.70 449.30 4.00 956.96 6.12 680.5 2.3 974.5 2.8 1153.5 2.9 
F*y Ankeny 1968 76.04 1.08 452.81 6.19 967.02 9.47 685.1 3.6 957.2 4.4 1119.9 4.5 
Ankeny 1969 86.32 0.88 464.44 5.04 994.06 7.72 684.7 2.9 986.8 3.6 1155.8 3.7 
HcNay 1968 76.17 1.10 429.07 6.30 865.44 9.64 679.7 3.6 965.7 4.4 1133.9 4.6 
McNay 1969 77.30 1.07 434.16 6.14 919.85 9.40 676.3 3.5 962.2 4.3 1151.3 4.5 
Breed of Slre(BOS) 
Angus 73.51 1.05 432.5 6.0 903.1 9.2 655.5 3.4 932.0 4.2 1094.7 4.4 
Hereford 77.60 0.99 431.4 5.7 920.3 8.7 662.2 3.3 940.8 4.0 1107.2 4.2 
Fresian 80.46 1.06 462.6 6.1 961.2 9.3 697.1 3.5 997.3 4.3 1173.3 4.4 
Brown Swiss 84.27 1.04 454.1 5.9 • 961.7 9.1 711.0 3.4 1001.8 4.2 1185.7 4.3 
Breed of Dam(BOD) 
Angus 68.96 1.01 410.4 5.8 876.5 8.8 655.5 3.3 919.1 4.1 1079.7 4.2 
Hereford 74.39 1.05 396.2 6.0 887.4 9.2 662.2 3.4 926.3 4.2 1107.7 4.4 
Fresian 88.76 0.69 495.2 5.1 1007.8 7.8 697.1 2.9 1020.3 3.6 1192.4 3.7 
Brown Swiss 83.71 1.17 478.7 6.7 974.7 10.3 711.0 3.9 1006.1 4.7 1181.0 4.9 
BOS«BOD AA® 63.73 2.16 367.41 12.35 798.90 18.90 615.8 7.1 863.3 8.7 1027.6 9.0 
AH 68.44 2.09 390.35 11.93 856.37 18.26 633.2 6.9 895.9 8.4 1065.4 8.7 
AF 82.96 1.71 487.86 9.80 972.28 15.00 691.6 5.6 987.3 6.9 1138.7 7.2 
AB 78.89 2.36 484.20 13.50 984.81 20.65 . 681.2 7.8 981.6 9.5 1147.2 9.9 
HA 68.72 2.08 411.59 11.91 879.06 18.22 633.5 6.9 903.3 6.4 1048.6 6.7 
HH 71.08 2.06 359.49 11.81 826.49 18.07 646.3 6.6 889.1 8.3 1064.6 6.6 
HF 87.49 1.79 490.13 10.26 1007.79 15.70 691.8 5.9 99K6 7.2 1162.4 7.5 
HB 83.09 1.89 464.36 10.86 967.96 16.62 677.2 6.3 979.1 7.7 1153.0 6.0 
FA 72.85 2.02 444.05 11.57 924.09 17.71 669.4 6.7 957.9 8.2 1121.5 6.5 
FH 77.77 1.89 418.58 10.78 923.94 16.50 681.0 6.2 957.1 7.6 1141.6 7.9 
FF 86.62 1.68 489.95 9.58 993.88 14.66 721.0 5.0 1041.4 6.8 1224.2 7.0 
FB 84.58 2.73 497.63 15.63 1003.07 23.92 717.1 9.0 1032.5 11.0 1205*8 11.4 
BA 70.55 1.87 416.60 10.67 903.99 16.32 659.4 6.1 951.9 7.5 1121.1 7.8 
BH 60.26 2.24 416.23 12.81 942.84 19.60 697.2 7.4 963.1 9.0 1159.3 9.4 
BF 97.99 1.86 513.03 10.63 1057.15 16.27 753.2 6.1 1061.0 7.5 1244.3 7.6 
BB 88.28 2.30 468.46 13.14 942.88 20.11 734.2 7.6 1031.3 9.3 1218.0 9.6 
Selected Differences; 
Crossbred -
St. bred 2.04 31.72" 61.41*" -5.5 15.6" 8.8 
(^Heterosis} (2.6%) (7.5%) (6.4%) (-0.8%) (1.6%) (0.8%) 
Beef"Dairy -
Dalry*Beef 7.75" 57.27": 59.49** 8.7* 27.4** 14.4* 
^Breed codes are: A-Angus , H-Hereford, F-Freslan, B-Brown Swiss: the first letter dentoes breed of sire, 
second breed of dam. 
• 
P<.05. 
Appendix Table 3. Analyses of variance of steer carcass traits 
Sums of Squares 
Fat Marbling Slaughter 
Thickness(cm) Score KPH(%) Age LEA(in ) Dress(%) 
Source df (10^)a 
Year 1 3. ,5** 30. . 1 15. , 1 ** 0. 2 24 . ,0** 86 . 6** 
Farm 1 1 , . 4** 216. ,8** 0, ,4 232. . 2 0. ,0 16. 8* 
Y*F 1 1 , .4** 67. ,6** 1 4 . 2** 1 , .8 1 . 3 40. 2** 
BOS 3 32, .5** 173. 6** 4 , .3** 2 , .2 40. 6** 1 03 . 2** 
BOD 3 22, .9** 227 , .5** 5, 6** 1 .3 20 , .7** 1 56 , .5** 
BOS*BOD 9 2, 6 1 03. 9 6, .6* 3 .7 22, ,3 33, 0 
BOD*F 3 0, .7 29, .8 0 , .9 2, .2 18, . 1 ** 1 , . 1 
Error 341 59 . 1 2726 .0 118, . 1 171 .5 481 , .6 1 595, .9 















KPH {%)  Age {days) l o i n  -eye  a rea  ( i n  )  d ress ing  pe rcen tage  
L.S. Mean Sid. Err. L.S. Mean Sid. Err. L.S.Mean Std. Err. L.S. Mean Std. Err. L.S. Mean Std. Err. 
3.04 13.1 
14.7 
0 . 2  











60 .0  
59.5 
0.1  
0 . 2  
Year(Y) 1968 1.01 0.03 13. 6 0. 2 2. ,80 0.05 417.8 1. 8 12. 03 0. 10 59. 3 0. 2 
1969 1.21 0.03 14. 2 0, ,2 3. 22 0.04 419.3 1. 7 11. 49 0. 09 60. 3 0. .1 
F*Y Ankeny 1968 1.14 0.05 13. 3 0. 3 3. 04 0.07 393.3 2. 6 11, .97 0, .14 59. 8 0. 2 
Ankeny 1969 1.21 0.04 13. 0 0. 3 3, .05 0.06 390.2 2. .1 11, .56 0, .11 60, ,1 0, .2 
McNay 1968 0.88 0.05 14. 0 0. 3 2, .56 0.07 442.3 2. 6 12, .09 0. 14 58. 7 0. 2 
McNay 1969 1.21 0.05 15 .5 0. 3 3. 40 0.07 448.4 2. 6 11, .42 0. 14 60. 4 0. 2 
Breed of Sire(BOS) 
Angus 1 .44 0.05 14. 9 0. 3 3, .06 0. 07 417, .9 2. 5 11, .59 0. 13 60.3 0. 2 
Hereford .39 0.04 13. 5 0. 3 2, .82 0. 06 419 .5 2. 4 11, .69 0. 13 60.3 0, .2 
Freslan 0 .82 0.05 14. 3 0, .3 3, .05 0. 07 420, .2 2. 5 11, .41 0. 13 59.2 0. 2 
Brown Swiss 0 .78 0.05 12. 9 0, .3 3, .10 0. 06 414, .8 2, .5 12. 34 0. 13 59.2 0, .2 
Breed or Dam(BOD) 
Angus 1.44 0.04 15. 2 0.3 3.13 0. 06 420.9 2. ,4 11. ,82 0. 12 60.7 0. ,2 
Hereford 1.28 0.05 14. ,0 0.3 2.79 0. 07 415.6 2. 5 11. 41 0. 13 60.1 0. 2 
Freslan 0.88 0.04 13. 8 0.3 3.01 0. ,06 419.3 2. .1 11. 66 0. 11 59.1 0. 2 
Brown Swiss 0.84 0.05 12. 8 0.3 3.10 0. ,07 418.4 2. ,8 12. 15 0. 15 59.1 0. 2 
BOS*BOD AA® 1.56 0.10 15. 4 0.7 2.94 0. 13 416.4 5. .1 11. 27 0. 27 60.9 0. 42 
AH 1.80 0.09 14. 9 0.6 2.87 0. ,3 416.2 5. 0 11. 32 0. 26 60.8 0. .41 
AF 1.21 0.08 15. 0 0.5 3.14 0, ,11 421.1 4. .1 11. 47 0. 22 59.7 0. 33 
AB 1.20 0.10 14, .2 0.7 3.30 0. 15 417.7 5. 6 12. 32 0, .30 59.7 0, .46 
HA 1.86 0.09 14, .7 0.6 2.95 0. 13 426.6 5. 0 11. 82 0. 26 61.5 0, .41 
HH 1.48 0.09 12 .7 0.6 2.36 0. 13 418.4 4. 9 * 11. 04 0. 26 60.0 0. 40 
HF 1.17 0.08 13 .8 0.5 2.99 0. 11 413.8 4. 3 11. 66 0. 23 59.8 0. 35 
HB 1.05 0.08 13, .0 0.6 2.98 0. 12 419.3 4, ,5 12. ,24 0. 24 60.0 0. 37 
FA 1.17 0.09 16, .0 0.6 3.29 0. 13 423.7 4, .8 11. 78 0. 26 60.3 0. 39 
FH 1.00 0.08 14, .1 0.6 2.95 0. 12 419.5 4. 5 11. 26 0. 24 59.8 0. 37 
FF 0.56 0.07 14 .0 0.5 2.88 0. 10 420.4 4, .0 10, .90 0 .21 58.1 0. 33 
FB 0.56 0.12 13 .1 0.8 3.10 0, .17 424.4 6, .5 11, .73 0 .34 58.7 0. 53 
BA 1.18 0.08 14 .7 0.6 3.34 0 .12 416.9 4 .4 12 .43 0 .24 60.1 0, .36 
BH 0.84 0.10 14 .1 0.7 3.00 0 .14 408.1 5 .3 12 .04 0 .28 59.9 0, .44 
BF 0.56 0.08 12 .2 0.6 3.04 0 .12 421.9 4 .4 12 .62 0 .23 58.9 0, .36 
BB 0.52 0.10 10 .9 0.7 3.03 0, .14 412.5 5 .5 12 .30 0 .29 58.0 0, .45 
Selected Differences: 
Crossbred -
std. bred 0.11** 
(^Heterosis) (10.7%) 
BeefDairy -
















^Breed codes are: A-Angus, H-Hereford, F-Holstein, B-Brown Swiss. The first letter denotes breed of sire, 
the second, breed of dam. 
"p<.05. 
If 
P<.01 . 
